Night view of the Carbon Steam Electric Plant, 
tah Power & Light Co., near Helper, Utah. 


Mechanism of Combustion 
Power Plant Clinic 
Nineteenth Annual Water Conference 


ASME Annual Meeting—II 
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REAPS A CHEMICAL HARVEST... BUILDS PULP-AND-PAPER PROFITS 


World's largest 


7 Chemical recovery is basic to the multi-billion-dollar pulp- 
chemical recovery unit and-paper industry Valuable chemicals are ilvaged from 
“black liquor,” a residue of pulp manufacture. And the mod- 

ern recovery proce also produces larg juantities of 


achieves unprecedented product steam 


Just a few years ago, the industry believed that recovery 
> ° th units had reached maximum size, with capacities (black liquor 
economies In e dry solids) of about 1,000,000 pounds per day. C-E engineers, 
aware that larger installations would mean lower investment 
pulp and paper industry and operating costs per unit of capacity, developed half a 
dozen major innovations in quick succession—and broke 
through the size barrier 
Twenty-five units of more than 1,000,000-pounds capacity 
have since been purchased from C-E by leading producers. The 
largest of these—a 2,000,000-pound unit—has now been in serv- 
ice for more than a year. Despite their high initial costs, such 
units usually pay for themselves in about two years 
This concern with a specific industry’s capital problem 
and deep involvement with that industry’s technology—is 
characteristic of the C-E approach. 


"Se E "is the foundation on which 
Combustion’s leadership rests. The products which bear 


the C.E morh of lesdership include COMBUSTION ENGINEERING 


all types of steam generating, fuel burning and related equip- 
ment nuclear power systems paper mill equipment pul- Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y 
verizers flash drying systems pressure vessels soil pipe 
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THE BAYER CO. 


MANUFACTURERS OF BAYER SOOT BLOWERS 
For Highest First and Final Value 
... BUY BAYER! 


BAYER 


Balanced Valve 


SOOT CLEANER 


Baver’ invle-cham design compel pertect 
clement. Operation is positive, definite, assuring a full flow of steam. tor 


step operation of valve and 


ethorent cleaning 


When the operator pulls chain, the cam-actuated, quick-action balanced 
valve Is opened By continued pulling of the chain, worm drive slowly 
rotates element over cleaning are When element reaches end of cleaning 


aire valve auton itically close 


’ 


\Iinimum steam consumption low maintenance. Every detail ts en 
vineered, built tor long lite, efherent pertormance at high temperatures and 


high pre tire 


More than 35,000 boilers are Baver equipped. More than SO years’ 
ucces ful, pecrilized experience assures vou investment economies in 


Baver « 


QUALIFIED LOCAL ENGINEERING SERVICE—Your Bayer representa- 
tive is an experienced engineer, well qualified to take care of any service 
needs in connection with Bayer Soot Cleaners. He is available when you 
call upon him and will gladly render any service required. 


2 


All These Mechanical and 
Operating Advantages 
are available in 


The BAYER 
Balanced Valve 
SOOT CLEANER 


1. Sound engineering, 
workmanship, and 
materials of the best. 

2. An organization of 
over 50 years’ ex- 
perience, capable 
and willing to render 

service at all times. 


SINGLE CHAIN: Valve and element con- 
trolled by a single chain. 


VALVE BODY: Rugged construction, built 
to last. Short and ample steam passage 
giving very small pressure drop. 


ORIFICE PLATE VALVE: For high pressure 
service, each head may be controlled by an 
orifice plate valve through which pressure 
is adjusted for each individual element. 


STUFFING BOX: Due to maintenance of 
perfect alignment on swivel tube, packing 
needs little attention. Stuffing box is in full 
view, readily accessible. 


AIR SEAL: Has machined surface on wall 
sleeve and spring-held floating seal to pre- 
vent air in-leakage. 


HEAD BEARINGS: There are two main 
bearings, an outboard and an inboard bear- 
ing for the swivel tube to maintain align- 
ment. 


THRUST BEARING: Ring type thrust bear- 
ing takes the load. 


VACUUM BREAKERS: Two vacuum 
breaker air valves, or one valve and a 
signal whistle above each valve, to prevent 
suction of boiler gases into valve and 
piping. 

ELEMENT OPERATION: With the Bayer 
element operation, balanced valve is 
opened just as element rotates, giving 
FULL pressure over entire cleaning arc. 
Full steam pressure insures thorough clean- 
ing. Balanced valve saves wear of valve 
parts. With any type of poppet valve, this 
is important. ..ask any operator. 


BLOWING ARC: Valve cams automati- 
cally regulate cleaning arc. 


REDUCTION GEARS: 24 to 1 gear ratio 
gives slow rotation for good cleaning. 


FLANGED PIPE CONNECTION: Operating 
head is connected to supply pipe by flanges 
and through bolts, or high tensile studs and 
nuts. 


THE BAYER CO. 


St. Louis, Mo. 
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VOLUME 7 


Let’s Get This Clear 


Hall Industrial Water Report 


JANUARY 1959 


Day after day new products are being developed to improve the 
clarification of water. The standard coagulants, aluminum and iron 
sulfates, have long been supplemented with aids like clay and mag- 
nesium oxide. Some 20 years ago Baylis developed activated silica. 
But today new materials to assist clarification with the standard 
coagulants are coming along faster and faster. They are designed to 
improve removal of color, bacteria and suspended material from potable 
and industrial water, to cut costs by reducing coagulant consumption, 
to assist in removal of deleterious materials from waste water and to 
assure optimum operation of clarifiers and filters. 

Hall Laboratories research and development continually provides 
improved coagulant aids, field tested for performance. Furthermore, 
Hall engineers know clarification equipment and processes. They are 
ready to help you improve clarification or reduce water treatment cost. 


Feeding Ferric Sulfate 


Ferric sulfate is a commonly used 
coagulant. When fed with a solution 
feeder, care must be taken to get the 
chemical completely into solution. 
Otherwise, undissolved material will 
cause trouble in the feeding equip 
ment and effectiveness will be lost. 

Each pound of ferric sulfate lib- 
erates about 260 BTU when it goes 
into solution. The resulting solution 
temperature increase has an impor- 
tant effect on rate of solution. If 
tap water temperature is too low, 
or if the ratio of water to ferric 
sulfate is too high, there will be 
troublesome undissolved material. 
Furthermore, final solution temper- 
ature should be 90° 100° F. 

The practical trick for easy han- 
dling is careful adjustment of the 
water-to-chemical ratio. If water 
temperature is 68° F., dissolution 
of ferric sulfate will be complete in 
18 minutes and final solution tem- 
perature will be about 98° F., if the 
ratio of water to solid ferric sulfate 
by weight is five. If water tempera- 
ture is only 47° F., the solution 
rate and final temperature will re- 
main the same, provided the ratio 
of water to chemical is cut to three. 
These examples may be used as a 
guide; obtain complete dissolving in- 
formation from the manufacturer of 
the material used. 


Water Color Problem 


An Eastern woolen mill is located 
downstream from other woolen mills, 
a steel mill and a sewage plant. 
Needless to say, the river water is 
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badly contaminated with organic 
coloring matter, suspended matter 
and detergents during summer 
droughts and extremely cold weather. 
Clarification has been difficult. Even 
with heavily increased alum dosages 
color removal was poor. This was a 
costly situation because it frequently 
necessitated reprocessing of the deli 
cate pastel shades which are a spe 
cialty of this mill. 

More than two years ago Hall 
Laboratories introduced the plant to 
coagulant aids. After laboratory jar 
tests were carried out to determine 
the type of aid best suited to this 
particular case, the plant adopted 
the use of a Hagan aid during periods 
of high color. Not only have floc 
formation, sedimentation and color 
removal been greatly improved, but 
alum dosage has been reduced by 
25%. The plant operators say they 
feel sure they would have had to 
suspend operations during the 1957 
drought if they had not been using 
the Hagan coagulant aid 


No Clarifier Needed 


A growing Southern textile plant 
was forced to curtail operations be- 
cause water requirements exceeded 
the total capacity of the wells. 
Further expansion was anticipated. 
The additional water required would 
have to come frem a surface supply. 

Faced with the installation of ex- 
pensive clarification equipment and 
costly chemical treatment to make 
the water suitable for process work, 
the plant called on Hall Laboratories 
to study the problem. Hall engineer 
R. KE. Elliott carried out the survey 


Hall Laboratories — Consultants on Procurement, Treatment, Use and Disposal of industrial Water 


NUMBER 1 


and came up with a money-saving 
answer. He found that a lot of water 
could be saved by re-using cooling 
water from closed heat exchangers, 
by repairing overflow 
and by using untreated surface water 
for non-critical operations. No treat 
ment of surface water would be 
necessary and enough good quality 
well water would be saved to permit 
doubling current operations. 


mechanisms 


Potential Trouble 

When Hall engineer Peter Benes 
began service work at a Southern 
chemical plant he found a clay-like 
deposit accumulating in the sodium 
eycle units of the split-stream sof 
teners. Because of previous bad 
experiences with aluminum in boiler 
water, Benes became alarmed when 
analysis showed the deposit to con 
tain considerable aluminum 

Further analytical work traced the 
aluminum to the clarified and filtered 
makeup water. Clarification was 
accomplished with aluminum sul 
fate; but operation and pH) value 
were such that there should have 
been very little aluminum the 
filtered water. Benes kept digging 
He found that soda ash, used to 
adjust upward the pH) of the clari 
fied water, was being added ahead 
of the filters. This resulted in dis 
solution of some of the small amount 
of suspended aluminum hydroxide 
floc passing to the filters 

Immediate change was made to 
feed the soda ash after the filters. 
Aluminum concentration of the 
filtered water dropped from 0.15 
ppm to 0.05 ppm and the problem 
was solved. 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers” to 
industrial water problems. For in 
formation on how the Hall System 
can help you solve your particular 
water problems, write, wire or call 
address below 

Water is your industry's most im 
portant raw material. Use it wisely 


HALL LABORATORIES 
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YUBA POWER 
EQUIPMENT MEETS 
GUARANTEES WITH 
FLYING COLORS 


Power Equipment Engineered and Manufactured by 


wi 


Consulting Engineers, Ebaseo Services, Ine 


Jased on the performance tests and favorable experience Kansas City 
Power & Light Company has enjoyed with Yuba power equipment 
in their Hawthorn Station, a Yuba 70,000 sq. ft. surface condenser 
and other important heat transfer equipment was specified and 
recently installed in their new Montrose Station near Clinton, 
Missouri 

Still another generating unit, planned for completion by this pro 
gressive company in mid-1960, will include basic heat transfer equip 
ment supplied by Yuba 

In the operation of Yuba power plant equipment, one fact stands 
out: guarantees are unfailingly met, providing the economy, efficiency 
and safety demanded 

Actual performance checks in plant after plant show that perform 
ance conditions exceed design specifications. For example, heat trans 
fer coefficient is greater, terminal temperature differential is lower, 
and oxygen content in the condensate much less than guaranteed 

Your comparison will rate Yuba first too. Let us give you all the 
facts, today 


Write for new Yuba Bulletin No. YHT 100, 
just off the press. This bulletin describes 
Yuba Heat Transfer Equipment manufac 
tured for the power industry. Your free copy 
will be sent without delay 


Yuba Heat Transfer Division - Honesdale, Po. 


Production Facilities in the West 


Yuba Manufacturing Division + Benicia, Calif. 


> 


Plants and Sales Offices NATIONWIDE 


YUBA CONSOLIDATED INDUSTRIES, INC. 
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rugged blow-off valves 
for high pressure boilers 


HARD-SEAT—SEATLESS COMBINATION 


® For boilers up to 1500 psi, this Yarway Unit 
Tandem Blow-Off Valve offers the maximum in 
dependable service. A one-piece forged steel block 
serves as the common body for the Yarway Stellite 
Hard-seat blowing valve and the Yarway Seatless 
sealing valve. All interconnecting flanges, bolts and 
gaskets are eliminated. The Unit Tandem at right is 
sectioned through Seatless Valve to show balanced 
sliding plunger in open position and free flow. 


HARD-SEAT—HARD-SEAT COMBINATION 


® For boilers to 2500 psi, this is the valve to use 
Yarway’s Unit Tandem Hard-seat— Hard-seat com 
bination. Disc has welded-in stellite facing and inlet 
nozzle has integral welded-in heavy stellite seat, 
providing smooth, hard-wearing surface. 


OVER 4 OUT OF 5 
HIGH PRESSURE PLANTS 
USE YARWAY BLOW-OFF VALVES 


Write for Yarway Catalog B-434 


YARNALL-WARING COMPANY 
100 Mermaid Ave., Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 


BLOW-OFF VALVES 
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E-SHOT “BOILER 
UNEXPECTED RESULTS 


CEMENT MANUFACTURER 
SHOOTS THE WORKS! 


LEANING rotary cement-drying 

kilns by firing lead slugs into 
them to knock off accumulations inside 
is routine practice. The slugs go bound- " 
ing and bouncing through the long ig 


drying kiln, doing a cleaning job equiv- 
alent to a whole crew of pick-and- 
shovel pilots. No one expects a slug to 
become so enthusiastic that it contin- 


4 ues its chores inside the waste heat t 
boiler attached to the far end of the Fag TREATMENT: Lead slug, pro- | THE RESULTS: “Pivgged” boiler tube, 
kiln. In fact, the odds against getting pelled by heavy powder charge in 8-gauge pierced by lead slug on the pay off to 
a slug into the boiler on purpose are shell fired from a miniature cannon! one chance in a million. Internal treatment 
astronomical. But this one got there, “External treatment” with a vengeance. powerless here. 


odds and all, thus establishing a new 
type of one-shot boiler treatment which 
is hardly likely to become popular. 


HOWEVER, inside the boilers at this 
large cement plant, Nalco System 
treatment helps make certain that 
boiler troubles, if any, are on the out- 
side. Boiler feedwater is aerated, fil- 
tered, zeolite softened, evaporated and 
deaerated. A Nalco corrosion inhibitor 
is fed between deaerators and feed 
pumps for corrosion control through- 
out the steam and condensate return 
systems. Nalco catalyzed sodium sulfite 
does the oxygen scavenging on the 
discharge side of feed pumps. A Nalco 
internal treatment and caustic soda 
are fed directly into the boiler for pH Steam drum in one of the Nalco-treated boilers at cement plant is typically clean and 
control and scale prevention. corrosion-free when opened for annual inspection. 


It is no wonder these boilers can 
turn out 169,000 lbs. of steam per Pca 
hour, year after year, and stay like 
new — except, of course, for the way- 
ward shotgun slug. 


Nalco has not yet developed bullet 
proofing for boilers... But you can 
never tell what may come next! Mean- 
while, we'll be happy to tell you more 
about effective Nalco Internal Treat- 
ment. Ask for Bulletin Bl. National 
Aluminate Corporation, 6231 West 
66th Place, Chicago 38, Illinois. In the 
Northwestern United States, Hawaii 
and Alaska: The Flox Company, Inc., 
Minneapolis, Minnesota. In Canada: 
Alchem Limited, Burlington, Ontario. 
Branches and affiliates in Spain, 
Germany and Italy. Water treatment chemical mixing and proportioning room, where Nalco System treatment 
starts on its way to give complete steam system protection against scale and corrosion. 
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WHEN YOU INSIST ON “BUFFALO” AIR- 
FOIL FANS jyouimmediately find many impor- 
tant factors in your favor. “Buffalo” Airfoils give 
you frue mechanical efficiencies up to 92%. 
Main point here is that “Buffalo” Airfoil Fans 
will positively [ve-up to their ratings. They are 
designed, engineered, built and tested to deliver 
these peak efhciency ratings. You can rely on 
“Buffalo” Airfoils to meet your performance 


specifications, 


There are sound engineering “reasons why” 
behind the proven performance of “Buffalo” 
Airfoil Fans. “Buffalo” offers unique, deep-blade 
airfoil design plus a brand new approach to 
streamlining. Turbulence is reduced to an abso- 


lute minimum because of the smooth inlet bell 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT 
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MAXIMUM 


BUFFALO FORGE COMPANY 
BUFFALO, N. Y. 


Canadian Blower & Forge Co., Ltd 


DECIDING ON 
AIRFOIL? 


INSIST ON 
“BUFFALO” 


Mechanical Efficiency 
up to a Thue 92% 


UNDER SPECIFIC CONDITIONS 


— the matching curved wheel flange — the new 
“Buffalo” divergent outlet. And with “Buffalo”, 
you get more than an airfoil fan — you can 
choose from a complete line of airfoil and semi 
airfoil wheels, to give you maximum efhciency 
for your precise operating conditions. 
Whichever “Buffalo” Fan you select as best- 
suited to your operation you're sure of 
getting the famous, rugged, dependable, long 
lasting construction that’s been an integral part 
of every “Buffalo” product for more than 80 
years. We call it the “Q” Factor — the built-in 
Quality which provides trouble-free satisfaction 
and long life. 

For the Finest in Mechanical Draft Service, 
Write Us now for Bulletins FD 106, FD 205, 


and F 200. 


EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 


FORCED-DRAFT PERFORMANCE 
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New Copes-Vulcan Desuperheater 
handles critical job at 
Pennsylvania Electric Company 


Copes-Vulcan’s newly developed Vari- 
able-Orifice Desuperheater provides 


precise temperature control at Penn- 


sylvania Electric Company’s Front 
Street Station. Installed in the steam 
header supplying a 12,500-kw turbine 


generator, this desuperheater has main- 


tained a discharge steam temperature 
of 490 FFT even though inlet tempera- 


ture has varied between 600° and 650°. 


Located just 20 feet upstream of the 


turbine throttle this desuperheater 


holds temperatures within a plus or 


minus 3F limits, consistently meets 


all required pressure conditions. 


Advance design pays off in other 
ways, too. Only one outside connection 


—for cooling water—is needed. With 


only one moving part, this desuper- 


heater presents no maintenance prob- 


lem. No long runs of piping are needed 
to mix fluids. No atomizing steam, 


spray nozzle or glands are required. 


Copes-Vulcan designs a complete j 
line of desuperheaters, each type engi- 
neered to meet particular operating & 
conditions. For complete details on the ii 


Variable-Orifice Desuperheater, write 
for Bulletin 1037. 


Copes-Vulcan Division 
BLAW-KNOX COMPANY 


Erie 4, Pennsylvania 
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SIMPLE PRINCIPLE 
OF OPERATION 


No load: Ball has seated itself on the 
ring. There is no flow of steam—no 
flow of cooling water. 


Light load: Ball opens orifice slightly. 
Cooling water is instantly and inti- 
mately mixed with steam. 


For modern feed water con- 
trol: The Copes Flowmatic, 
a two-element feed water 
regulator, is sensitive to the 
slightest change in steam- 
ing rate, and to the most 
minute fluctuation of boiler 
water level. 

Closer stabilization of 
boiler water level under all 
load conditions makes the 
Copes Flowmatic ideal for 
the modern utility and in- 
dustrial boilers subject to 
rapid, wide fluctuations in 
steam demands. 


Full load: Orifice fully opened. There 
is the same pressure drop and high 
turbulence at all loads over the full 
range. 
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A Type CV-D Pressure re- 
ducing valve is used at Front 
Street Station to automati- 
cally regulate the cooling 
water supplied from the 
feed-water-heater. 

This Copes-Vulcan dia- 
phragm valve is designed 
to dependably meet rigid 
standards of accuracy for 
pressure, temperature and 
liquid level control. The 
Type CV-D may be direct or 
reverse acting. Rangeability 
is excellent. 


Style and area of valve ports are scientifically selected to meet 
specified operating conditions. These versatile valves can be applied 
in sizes up to 12 inches in pressure—standards up to 1500 pounds. 
For details on Copes-Vulcan valves, write for Bulletin 1027. 


With the direct-operated Flowmatic Regulator (shown above) the 
steam flow element is built integral with the valve bonnet. In regular 
service outdoors, the Flowmatic Type D-O is unaffected by atmos- 
pheric conditions, provides accurate, dependable performance. 
For further information, write for Bulletin 1003-A. 
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What’s New from Edward Valves 


New Products ... Problems and Solutions. . . Information 
on Steel Valves from Edward, Long-Time Leader in the Field! 


Major Improvements at No Extra Cost Mark 


New “848” Series Forged Steel Stop Valves 


7 In an industry where any change in design is maximum compressive force with minimum tighten 
yf “news,” Edward is proud to introduce a new line ing torque. A new spiral wound gasket, consisting of 
of 600-lb forged steel stop valves with so many some 20 turns of stainless steel and asbestos, pro 
major design improvements at no increase in cost. vides controlled compression not possible with ordi 
These Rockwell-built Edward valves are suitable nary flat gaskets. Because this spiral wound gasket ts 


for air, water, oil and other hydrocarbons, anhy- free to expand and contract as needed, it “takes up 


drous ammonia and other gases, steam and other the slack,” maintains a leak-proof seal between body 


and bonnet. 


non-corrosive fluids. 


NEW MATERIALS USED THROUGHOUT NEW SOLID DISK OF SPECIAL ALLOY 


Disk is made of chromium-cobalt-tungsten stain 


Besides tough drop-forged steel, which is the basis 


of these valves, Edward introduces such innovations less steel. This new alloy has added resistance to 


as stainless steel gland bolts, an aluminum-bronze erosion, holds its hardness better under high tempera 
yoke bushing, solid disk of chromium-cobalt-tungsten tures than otaer disk materials. Disk is lock-welded to 
stainless steel, spiral wound gasket of stainless steel disk nut ,climinating wobble and chatter — especially 
and asbestos, and special alloy cap screws linking Important when valve iscalled upon for throtthng duty 


body and bonnet. 


INTEGRAL STELLITE SEAT FOR LONG LIFE 


Valve seat is Stellite—a harder, longer-wearing 
& Four molybdenum alloy cap screws secure bonnet material with excellent resistance to corrosion, ero 
: to valve body. These compact, high-strength cap sion and temperature. Seat is integrally welded 


screws require less space than ordinary nuts and 


to body 


bolts, can be handled with one hand, and deliver 


"848" SERIES ROCKWELL-BUILT EDWARD VALVES 


are available in 44” and I” sizes. They 


are rated at 600 psi— at YIOF in carbon steel and at 


1030F in chrome-molybdenum steel. Globe or angle 


types, with screwed or welding ends. Write for facts 


on performance ... price... and delivery. Address 
kdward Valves, Inc., 1206 West 145th Street, East 
Chicago, Indiana. (Subsidiary of Rockwell Manu 


facturing Company Represented inp Canada by 
Lytle Engineering Specialties, Ltd., 360 Notre Dame 
St. W., Montreal 1, Quebec. 


EDWARD STEEL VALVES 


another fine product by vj 
ROCKWELL 


Catalog 14 contains full data on the complete Edward line of forged and 


cost steel valves from Ya” to 18”; in globe and angle stop, gate, non 


return, check, blow-off, stop-check, relief, hydraulic, instrument, gage and 


special designs; for pressure up to 10,000 Ibs; with pressure-seal, bolted, 


union or welded bonnets, with screwed, welding or flanged ends. 
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The Valley Camp Coal Company 
provides a complete combustion 
engineering service for its 
customers, actual and prospective. 


Meeting with a Valley Camp Representative 
has been the first step to lowered steam costs 
for many companies.....//ow about yours? 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Building °¢ Cleveland 13, Ohio 


SUBSIDIARIES — 
Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. @ Fort William 


Coal Dock Co., Ltd., Fort William, Ont. ¢ The Valley Camp Coal Co. of Canada Ltd., Toronto, Ont. @ Kelley’s Creek 
& Northwestern Railroad Co. @ Kelley's Creek Barge Line Inc. @ Pennsylvania & West Virginia Supply Corp. 


SALES OFFICES — 


Philadelphia Baltimore Buffalo Pittsburgh Wheeling Cleveland e St. Paul 
® Cincinnati @ New York © Milwaukee © Superior, Wis. © Fort William, Ont. © Toronto, Ont. 
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for economical remote recording of temperature... 


HAGAN POWRLOG! 


LOW first cost 
LOW maintenance cost 
LOW parts inventory cost 


UNIQUE CONSTRUCTION — same 
; amplifier used for all temperature 
applications by simply 
plug-in input box. 


UP TO FOUR different vatiables 
may be recorded on the same chart. 


ACCURATE—PowrLog’s resolution 
is 0.1% of full scale, overall instru- 
of 45 in./lb., PowrLog achieves full 
scale pen deflection in 2 seconds. 
STABILITY ASSURED— simple ad- 
justment balances gain to resolution, 
no hunting or dead band problems. 


The Hagan model TC (thermocouple) PowrLog The net result is the reduction of maintenanee 


receiver provides low cost remote measurement costs and problems to a new low. 

and or control of temperatures with a high degree Since the same high-gain AC amplifier is used in 
of accuracy. The system consists of an amplifier, all applications, parts stocking problems are elimi- 
drive motor and gear train as the basic unit. nated, with consequent savings in inventory costs. 
Associated with this basic unit are a series of plug- Write for descriptive bulletin, or ask a Hagan 
in input boxes, one for each type of measurement. engineer to explain the many specific advantages 
Every component part has been selected for reli- of the new PowrLog for temperature measurement 
ability, accuracy and long wear characteristics. and other applications. 


HAGAN 
CONTROLS ,INC. 


DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


HAGAN BUILDING, PITTSBURGH 3O, PA. 


In Canada: Hagan Corporation (Canada) Limited, Toronto 


European Division: Via Flumendosa No. 13, Milano, Italy 
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Here’s how the Pennsylvania Reversible Hammermill 
will help lower your operating costs 


As the coal enters the mill it is precrushed in the upper 


zone by being struck by the hammers in free air, 


driven against the breaker blocks, ricocheting and 


struck by hammers again. Only small lumps enter the 


lower crushing zone for final reduction before escaping 


through the cage bars. There’s no dragging of hammers 


through oversize in the lower crushing zone. Thus 


5 wasteful fines are held to a minimum along with ham- 
. mer wear and power requirement. The easily adjusted 
j cages assure you a uniform product for the life of the 
; hammers regardless of variance of the physical proper- 
: tics of the coal. The cage adjustment also permits you 
. to wear the hammers much further, and, due to reversi- 

bility of the rotor, there is no manual turning of the 
i‘ hammers. Get the complete story of these crushers. 


Send for bulletin 1040. Pennsylvania Crusher Division, 


Bath Iron Works Corporation, West Chester, Penna 


Penn 
CRUSHER 
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HAGAN NEWSLETTER 


Behind the Panel 


HOW AUTOMATIC ARE AUTOMATIC CONTROLS? 


The answer depends a lot on the reliability factor in the system, and on how well the various 
control elements are integrated. A great many control systems are designed to operate on full 
automatic only when the process is within normal operating range. In applications where the 
process can vary widely, or where operators must be relieved of control supervision during 
abnormal conditions, true automatic control is desirable. Hagan systems are designed to 
accomplish this; for example: 


OUTDOOR BOILER CONTROL SYSTEM STAYS ON AUTOMATIC DURING GENERATOR TRIP-OUT: a new outdoor utility 
station in the Southwest experienced a generator trip-out, and in the excitement, the 3-element 
feed-water control system was left on automatic. Inspection of charts after the difficulty was 
overcome showed that the feedwater system had maintained proper drum level throughout the two 

hour shut-down, even though the system went through the complete shut-down, start-up cycle. 


SOAKING PITS NEVER OPERATED ON MANUAL CONTROL: on a new installation of two batteries of 3 pits, 
the heaters are instructed never to operate on manual control. In case of control malfunction, 
the pits are shut down until the system is repaired. In a year of operation, this policy has 
resulted in the loss of only four pit hours production time. Pit bottoms have not built up 
excessively, indicating close control of combustion and absence of ingot washing. (Item A-1) 


SOLID STATE ELECTRONIC BOILER CONTROL SYSTEM 


Operational magnetic amplifiers, used as basic control elements in the combustion, feedwater, 
pump recirculation and steam temperature control systems, will be installed on a new 
1,260,000 lb/hr boiler at a Southern utility. The Hagan proposal--for the first solid state 
electronic boiler control--was selected by the utility in competition with two other electronic 
systems that did not achieve the reliability inherent in a solid state system. (Item A-2) 


ELECTRONIC TEMPERATURE CONTROLLER SENSES 0.000001 VOLT CHANGE 


Ultrasensitive, the Hagan PowrAmp Temperature Controller is responsive to thermocouple output 
fluctuations of one-millionth of a volt Designed for precise temperature control in situations 
where either the heater or the product temperature can change rapidly, the Controller provides 
adjustments for proportional band, reset, and rate action. While this is a new instrument, it 
has already been proven in action. It was selected for the critical job of controlling glass 
fiber drawing dies operating at 1600F and it is limiting die temperature fluctuation to less 
than 0.25F. The Controller provides stepless regulation and will handle up to 330 kva 

through saturable reactors. (Item A-3) 


NEW POWRLOG OFFERS LOW-COST TEMPERATURE MEASUREMENT OR CONTROL 


Our systems engineers wanted a rugged, low-cost remote recorder for process measurement in 
industrial applications. Once we decided that the right way to minimize maintenance was to make 
use of unitized construction, the acorn we had been asked for rapidly became a full fledged oak. 
We ended up with an instrument that will measure any function that can be converted into an 
error voltage, either AC or DC, and then convert these voltages into mechanical movement that 
may be used for driving a recorder, indicator, integrator, pneumatic transmitter 

or a controller. 


Utilizing a unique amplifier that is adaptable to a wide variety of applications by means of 
plug-in input boxes, the new HAGAN PowrLog is particularly well suited for the remote 
measurement and or control of temperature with either thermocouples or resistance bulb 
thermometers. The components of this versatile instrument have been selected for accuracy and 
high reliability--result--maintenance has been reduced to a new low. (Item A-4) 


CHEMICALS & CONTROLS, INC. 
Hagan Building, Room 700, Pittsburgh 30, Pa. 


T¢ 


If you would like more information on any of the above items, check the appropriate box below. 


[] Item A-] {] Item A-2 [] Item A-3 [ Item A-4 


COMBUSTION danuary 1959 


by | 
| 
| 
4 
15 


Another Koppers Exclusive in 


ELECTROSTATIC PRECIPITATION 


4 


BOWER 


INLET DUST LOADING——— 
INCREASED POWER — The evenly spaced discharge 
points of “‘Koronamax"” Electrodes reduce 
the arc-over tendency and permit increasing 


> 


power input 


* 

ijt) | Lit 

q - 

RO 

ques? CONVENTIONAL ELECTRODES "KORONAM 


oust "“KQRONAMAX” ELECTRODES increase 


HIGHER EFFICIENCY Replacement of regular 


electrodes with *‘Koronamax" Electrodes allows 


e e 
higher power input greatly increased efficiency ond capacity ot 
efficiency 
electrostatic precipitators 


* 

| ai “‘Koronamax’”’ Electrodes developed by Koppers are now in 
service in several different applications and their controlled 
2 eeeeeeeneas bert corona discharge has resulted in greatly increased capacity and 
jageeeeean. west a | | efficiency. This unique type of precipitator electrode may solve 
H your gas cleaning problem. 

| HHH Koppers’ experience, constant research and extensive field 
Ley LOAD testing have led to this important advance in precipitator design. 


sf ” 
SMALLER SIZE—In new installations desired Check with Koppers to see if Koronamax” Electrodes can help 
efficiency may be obtained with smaller unit you get top precipitator efficiency. For more information, write: 
when ‘‘Koronamax" Electrodes are used Koppers Company, Inc., 4401 Scott Street, Maditeenee 3, Md. 


ELECTROSTATIC PRECIPITATORS 


Engineered Products Sold with Service 
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obese 


Control room at Shippingport Atomic Power Station. Bailey Instruments 
for the primary system and Bailey Instruments and Controls for the steam 


system are located on this control panel. 


Bailey pioneers the control of... 
ATOMIC STEAM POWER PLANTS 


Phis control room is the center of operations for the 
world’s first) full-scale plant 


devoted exclusively to civilian use—the Shippingport 


atomie. electric power 


Station. jointly owned by Duque sne Light Company 


and the \tomie Commission. 


are Bailey lostraments and Controls performing 


as wellas on the atomic-powered submarines. 


dependably hour after hour. month after month, 


In conventional power plants. too. Bailey Meters and 
Controls are standard equipment. Bailey is the choice 
of virtually all the most eflicient plants on the Federal 
Here's why: 


Power Commission's heat rate report, 


1. A Complete Line of Equipment 
You can be sure a Bailes Eeneineer will offer the right 
combination of equipment to fit needs. Bailey 


manufactures a complete line of standard compatible 


pneumatic and electric metering and control equip- 


ment that has proved itself. Thousands of successful 
installations involving problems in measurement, 
combustion and automatic control are your assurance 


of the best possible system. 


2. Experience 
Bailey engineers have been making steam plants work 
eflictenthy formore than forty vears. Veteran eneinees 
alike. 


ire storehouses of Know ledee on measurement 


and young engineer the men who represent 
Dailey. 
and control They are up-to-the-minute on the latest 


developments that ean be appled to your problem, 


3. Sales and Service Convenient to You 
There's a Baileys District Oflice or Resident bineineer 
‘ lone ( breve k Voor plone feu ‘ \pert enel- 


neering Counselon your steam plant control problem 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


° CLEVELAND 10, OHIO 


In Canada— Bailey Meter Company Limited, Montreal 
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18 alloy steel elbows 
with 39 wall for ex- 
tremely high pressure- 
temperature service 


44... THE RECOGNIZED, DEPENDABLE SOURCE FOR 


Heavy wall laterals 
closed impression die 
forged of Stainless Steel 
in a variety of sizes 


Stainless Steel, heavy 
wall, reducing tee with 
extended run section 


Stainless Steel Elbow with heavy wall 
and special radius for nuclear service 


Seamless and welded rolled rings pro- 

duced in sizes to 20 feet in diameter 

in rectangular and contour cross sections 
in all forgeable material specifica- 

tions to meet critical requirements of 

reactor installations 


16 «16 x 20° forged 
Chrome-Moly bull- 
head tee with special 
flow dividing throat 
section opposite the 
branch 


Heat exchanger tube 
sheet of Stainless Steel 
Forged weight — 4220 
pounds 


5 
as | 
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| | | | 


A VE Type 304L Stainless 


Steel Nozzle, drop 
forged and machined 
to precision tolerances. 


4 
A Ji Titanium pipe fittings 
= produced for a number 


of critical piping instal- 
lations requiring posi 
tive resistance to ex- 


CONVENTIONAL POWER 


PIPING APPLICATIONS 


Ladish is widely recognized as a prime, dependable 


source for a broad range of special-purpose fittings and 

bl Largest closed impres- 
orgings to meet unusual piping problems. sion die forging pro- 
duced to date. Weight 

— 10,500 pounds 
The fittings shown here were developed in close 316 Stainless Steel. For 
collaboration with the engineering staffs of firms pioneer- plants at 
vated pressures and 


ing in the design of modern conventional power plants 
temperatures. 


and nuclear power installations. 


Ladish has extensive experience and unequalled 
facilities for forging, machining and testing . . . small and 
large, simple and complex parts, in virtually every forge- 
able material... under precise metallurgical and manu- 


facturing controls. 


Intricately shaped 
Stainless Steel heat ex- 
changer heads. Drop 
Forged and machined 
to close tolerances by 


Ladish. 


TO MARK PROGRESS 


CUDAHY (Milwaukee Suburb) WISCONSIN 
e West Ladish Pacific Div fish ¢ A 


Complete Service in Fittings 


WELDING ASA & SCREWED and LONG TEMA & LARGE OLD. 
FITTINGS MSS SOCKET FITTINGS NECK FLANGES & 
FLANGES and UNIONS FLANGES ROLLED RINGS 
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If your boiler, like most, annually consumes its first cost in fuel. ..even 
a fractional per cent efficiency drop can mean substantial dollar loss. 


Holding a boiler to design-engineered efficiency starts with highest 
standards of operation—continues when these are matched by equally high 
standards of maintenance. 


Apexior Number | internal protective coating establishes for the lifetime of any 

boiler, at pennies-per-square-foot cost, the ultimate in sound, clean surfaces. Apexior- 
coated tube and drum steel, free from heat-transfer barriers, puts b.t.u.’s to work more 
efficiently over longer in-service time—thus helps a boiler meet easily ...or even better... 
designer-operator expectations for economical perfomance. 


“The Apexior Number 1 Story” will tell you more about this coating for wet-heat service, simple to apply in 
one brush coat to boilers, including tube interiors, evaporators, deaerating and feedwater heaters, steam 
turbines, and all types of pressure vessels using steam for processing. Request your copy no obligation. 


Ask, too, about Dampney 
silicones and ceramics for 
dry-heat protection to 


| 
TH E 
1000 Jampnes Sil MAINTENANCE 
icone Coating and Thur Ma-Lox /f/ AMPNEY 
comprising, with Apexior Num 
1, of Dampney’s € © mea 


ber one area 

‘cialization 1 ‘ enance 
speci iliz ition in mainten 
coatings for metal in) corrosive 


environments 
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ities Service shows 


how to cut valve costs 


on 


Crane globe valve in 14th year on steam turbine line 


Cities Service Refining Corp. uses hun- In spite of its operation 3 or 4 times 


dreds of valves at its Lake Charles, La., a week, this sturdy Crane valve has con- 

plant. Maintenance and replacement tinued tight in service and has required ‘v 

costs could be staggering, but for careful no repairs in 14 years! bi 

control of valve selection. Thrifty buyers want no better reward t 
For example, the Crane 6-inch, 300- than the kind of cost-cutting, depend- 

pound steel globe valve shown above was able service they get when Crane valves 

installed at the Lake Charles plant 14 are installed. 

years ago. Working at 250 psi., 600 deg. That’s why in the petroleum industry, installation above. CRANE x 

I’., the valve is used in the steam line to as in all industries, you'll find more Crane a ee af 


steel globe valve for850 F 
a turbine-driven feed-water pump. valves used than any other make. maximum temp. Sizes: 2 in 
to 8 in. For full details, see 


your Crane Representative, 


or write to address below 


C RAN a VALVES & FITTINGS 


PIPE * PLUMBING * HEATING «+ AIR CONDITIONING 


Since 1855 —Crane Co., General Offices: Chicago 5, Ill.— Branches and Wholesalers Serving All Areas 
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hers Vertical Unit Boiler, Type vu-40.60 
| — tangentially fired boilers to effi- 


IMustrated is an installation at a Gulf 
Coast refinery. It combines a catalyst — 


For diverse industrials 

C-E Package Boiler, Type PCC—new, completely shop-assembled, high 
performance, Controlled Circulation steam generator. Now in service 
with capacities to 120,000 Ib/hr, it is available with temperatures to 
900 F. and pressures to 1,000 psi (or higher if desired). This boiler 
is especially suitable where maximum capacity, temperature, and 
pressure are required, yet space is limited. Offers easy handling of 
rapid load swings and high quality steam production. PCC’s in service 
include the world’s highest capacity, highest pressure, and highest 
temperature package boilers. 
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C-E builds boilers of virtually all designs and types 
known in present practice ... in capacities from less 
than 10,000 to 4,000,000 or more Ib. of steam per hr. 
It is presently building units that will set new world 
records for capacity, pressure and temperature. 

This vast experience has also been successfully 
applied to the development of many special designs to 
utilize waste fuels or to meet unusual steam require- 
ments or space conditions. 

A few recent examples of special C-E designs which 
have successfully met unusual problems are illustrated 
here. In several cases, this success may be attributed 
to the utilization of exclusive C-E developments such 
as controlled circulation or tangential firing. 

Whether your requirements call for boilers of unusual 
characteristics, such as those shown here, or for more 
conventional standard designs, come to C-E where you'll 
find the skill, experience, facilities—and desire—to meet 
your needs exactly. 


needs —by C-E 


For gas turbine installations 


For the steel and 

chemical industries 

C-E Package Boiler, Type WCC—a Con- 
trolled Circulation design which utilizes 
waste heat from open hearths or chemical 
processes. The platen surfaces featured 
in the first pass permit passage of abra 
sive or “sticky” gas without erosion or 
bridging, prolonging boiler life and making 
the unit easier to clean. Controlled Circu- 
lation assures positive control of water to 
all circuits, permitting a smaller boiler 
with obvious space-saving advantages. 
Seven WCC’s are now in service; eight 
others are being erected. 


| 


ELEM 


C-E Gas Turbine Boiler—waste heat design for economical utilization of gas turbine exhaust 
sensible heat. Usable in a choice of cycles to obtain fired or unfired heat recovery and steam 
generation. Illustrated is a combined cycle, two of which are in service at a chemical plant. 
Here the turbine is followed by a waste heat boiler, multiple-purpose economizers (process 
and feedwater), and a conventional oil-fired steam generator which uses a portion of the 


high temperature exhaust gas for combustion air. 


COMBUSTION ENGINEERING 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. 
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FOR NUCLEAR NEEDS of Knolls FOR NUCLEAR NEEDS of others, 
Atomie Power Laboratory, M. W. Kellogg is supplying the primary 
coolant stainless piping for two nu- 


Kellogg was given the exacting as- 


signment of designing and producing — clear plants. In addition, Kellogg is — ppis pressure vessel had to be designed with 


a $2's-ton “Proof Test Reactor Pres- equipped to engineer and manufac- — a closure that would open in 30 minutes, and oy 
This was ; ually withstand 1500 psi, 550F. Made of Type 304 
sure Vessel’. This was an unusually ture heat exchanger equipment for — gtainiess, the top head has 34 connections, of 


complex task, because of the quick- — nuclear energy power plants. If these — which 19 required exceptionally close toler 

opening closure specifications, requir- — specialized skills suggest a solution to 
ing a head with novel design and your nuclear problems, call Kellogg’s 


extremely close tolerance machining. Fabricated Products Sales Division. 


i THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17. 
\ SUBSIDIARY OF PULLMAN INCORPORATED 


4 f 9 ’ 
The Can nu nfo rnation ‘ nehel American \ ) 
/ / far r y le Venerurla, ¢ 
| 


good for another )years... 
it’s a fan! 


We had a phone call the other morning. Nothing unusual about that — 
people do call us. This caller said he had an old Green fan, and wondered 
if we’d care to look it over. Figured we might have a buyer for it. 


Well, it turned out that this was one of our earliest fans, the sixth fan we 
made, in fact. Every bit of it, fan, shaft and housing, was designed and 
made in our plant in 1903. Now, 1903 is so long ago even the name of 
our town has since been changed from Matteawan to Beacon. 


For 55 years this Green fan had been used in a lumber mill for exhausting 
shavings from a planer. The building in which the fan was housed was torn 
down early in 1958. Everything but this Green fan had been carted away. 


We went over that fan inch by inch, and bought it for ourselves to keep 
as an example of Green’s workmanship. 


Know something? It could be started up today, with no repairs, and we 
feel it would run satisfactorily for another 50 years. Just goes to show when 
Green builds a fan, well —it’s built! 


ap | THE GREEN FUEL ECONOMIZER CO., INC. BEACON 3, NEW YORK 
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The most efficient operating 


© YCLONES | 


cyclone collectors made 


Design makes the difference: in over a thousand plants 
across the continent, Buell Cyclones have proved themselves 
more efficient than any other cyclones made. Buell’s exclusive 
Shave-off port (A), traps the extra percentage of dust that ordi- 
nary cyclones lose. And large-diameter, (B), custom-engineered 


ELECTRIC design climinates bridging, clogging, or plugging during opera- 
IPITATORS 


tion, keeps efficiency high without interruption. Regardless of 
aca your present or planned plant layout, Buell equipment can be 
| 


COMBINATIONS economically. There’s valuable information in a concise book- 


let, “The Exclusive Buell Cyclone”. Write Dept 
70-A, Buell Engineering Company. Inc., 123 
William Street, New York 38, N. Y. 


designed to solve your dust collection problems efficiently and 


Buell Cyclones before installation at a major plant. 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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For those engineers who are actively engaged in the 
field of steam plant engineering 1t may be difficult to 
fathom the meaning of the title of this editorial. Cer 
tainly, you will agree, advances in the art of power plant 
design have made possible more abundant use of elec 
tricity at a price to the consumer that has thus far with 
stood most of the postwar inflationary pressures. In 
what sense is man in conflict with such progress ? 

Perhaps it would be best to raise another question, 
as did Dr. Walter Boven, president of Brown Boveri Cor 
poration, when he used the above title as the subject of 
the Town Lecture at the 1958S ASME Annual Meeting. 
Dr. Bovert, a Swiss banker, economist and business man 
asked: “Is it not becoming apparent that real progress of 
society cannot be measured by the number of automobiles, 
television sets and washing machines that the community 
has at its disposal ? 

\s an industrialist trained outside the field of engi 
neermng, Dr. Boveri looks at progress in a much broader 
sense than material advancement. He conceives of gen 
eral progress ol society as consisting of three components 
freedom, progress of man’s personality and mind, and 
technical or scientific progress. It is when there 1s an 
unbalance of these three components that man comes into 
conflict with technical progress 

Events of the past several decades have shown that 
engineers have made substantial technical contributions 
under the dictatorship of a Hitler and the police stat 
of the Soviet Union. In a sense this 1s evidence that 
engineers can work im an atmosphere where freedom 1s 
demed and human personality 1s depraved 

\nd vet engineers are citizens and human beimgs 
\t times it 1s both necessary and rewarding for them to 
see themselves as others see them This is what [rt 
Bovert attempted to do in questioning whether technical 
progress should be regarded entirely as a blessing to 
mankind Pechnical progress has gone a long way to 
making available the necessities of lite and freeimg man 
of the more burdensome physical tasks. But, as Dr 
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Man’s Conflict With Technical Progress 
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sovert pomts out, what outwardly appears to be ot 
such benefit to man may eventually lead to the destruc 
tion of some of lis most precious qualities. He may teel 
that the freedom man set out to gain by the conquest ol 
matter becomes more and more an illusion, because each 
further step he takes seems to lead him irrevocably and 
contrary to his intentions into deeper servitude to his 
new masters technical progress and matertalists 
prosperity 

When one really thinks about it deeply, the conclusion 
is inescapable that man has to live with himself. “Pech 
nical advances may make life easier but if man becomes so 
engrossed in them that he ts deprived of the solitude that 
is essential to mental growth, 1s this progress ? 

Dr. Bovert urged that parents and teachers should 
give the closest attention to the development of human 
qualities of man in an effort to create a ligher form: ot 
individual bemg. Such attention is not necessarily op 
posed to technical progress but can take place side by 
side with it. He added these thoughts 

“We must, in addition, realize that ingenuity and ii 
agination, those noble qualities of man’s mind, can be 
developed only by strenuous mental traming and ex 
ercise, Sometimes even by hardship ; and that mtellectual 
versatility is exclusively obtained by strict discipline 
of the brain, by endurance and by deep independent 
thought not only on specialized subjects, but on all the 
great nddles enveloping our life. However, i man were 
exclusively to expand his intellectual possibilities am thy 
manner deseribed, he would still resemble only a comph 
cated but soulless device he were also to 
taught to open his heart to beautiful things and to human 
kindness. Finally, man must learn to realize that, sur 


rounding our materialistic everyday life, there 
metaphysical sphere, which he should try to seek through 
the arts, philosophy and religion Phere he wall di 

cover that the deeper meanmy of life can consist neithes 


in technical achievements norin the furtherance of purely 


materialistic aims 
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s Fig. 2—Curves representing the progress of combustion and reduction of 
surface of coal dust 
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Fig. 1—Residue and size distribution curves of coal powders of different 
PARTICLE SiZé fineness 


The Mechanism of Combustion 


of Pulverized Fuel 


Every so often a well-developed paper is presented 


on the fundamental combustion process experienced 


By P. O. ROSIN 


by a fuel particle. The author's contribution we feel 
to be an excellent addition to the literature and one 


meriting wide circulation both here and abroad. 


N this paper a mechanism is defined as an arrangement very different features. Even in the various designs ot 
of a number of different partial processes which are equipment for burning pulverized fuel in boiler furnaces 
made to act together in a pre-determined way so as to there may be a difference of mechanism tor | flames 

achieve a desired result Phe word mechanism implies tangential burners, dry-bottom and slag tap furnaces 

that each partial process can be controlled, thereby — mill-firing, eyelone furnaces and semi-fluidization 

allowing the operator to vary the timing, speed and If these definitions of mechanism are accepted one 1s 

intensity of the combined action Mechanism, as here forced to the conelusion that, beyond the chemical 

dealt with, further imphes that the action must take kinetics of the reactions between oxygen and the con 

place in a limited space of defined dimensions, and this — stituents of a fuel, there does not exist a “combustion 

has a decisive influence not only on the total time avail mechanism’ im the meaning of a natural law Phe 

able for its completion, but also on the timetable of — process mechanism has, in each case, to be created im 

cach of the constituting processes This is best made order to carry out most efficiently and economically 

clear by comparing combustion im a large kiln, im the the combustion of a given fuel in a given space and time 

combustion chamber of a gas turbine, and in the evlinder 

of a piston engine Although the same kind of fuel may 

be used and the result in all cases 1s its combustion 

the requirements inposed by space and time are so 

vastly different that the combustion mechanism bears 
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The conditions for which the combustion of pulverized 
fuel is contemplated must be defined, that is the in 
dustrial purpose and the type of plant must be specified. 
The most important application of pulverized fuel is 
that of firing large steam boilers; second in importance 
are cement kilns and certain types of large metallurgical 
furnaces in which the ash cause difficulties. 
The use of pulverized coal in small combustion units 
such as shell boilers or in gas turbines presents consider- 
able technical and economic difliculties, and will never 
attain the industrial importance which it has gained in 
the field of large steam boilers and cement kilns. Attrac 
tive though the problems of high intensity combustion 
of pulverized fuel in small spaces may be for the research 
worker, the author must limit himself in this paper to 
the process mechanism obtaining in the combustion 
by inference 


does not 


spaces of large steam generating units and 

in kilns and some furnaces. With large steam generat 
units The first 
is the emergence as a single operative unit of one large 
turbine with steam which 
to be available for an uninterrupted period of up to one 
The the trend, 
necessity, to use coals with ash content increasing up to 


Ing there are two major tendencies. 


one large generator has 


vear second 1s because of economic 
lo to 20 per cent without losing boiler or furnace availa 
bility 

Apart trom the chemical reactions which eventually 
result in the conversion of the air oxygen into CO» and 


HO, the processes involved are 


Aerodynamical (flow of air, gas and dust suspen 
solid 


sions, movement ol particles in gas 
streams) 

Phermodynamical (gas kinetics, heat and mass 
transfer, radiation ) 

Physical 


Phermophysical (behavior of coal, ash and slag 


chenucal (reaction-kineties, equilibria) 
at high temperatures) 


Definition of Pulverized Coal 


Before dealing with the place and role of these various 
processes im the general mechanism, one has to define 
the properties ol pulverized coal” because they have a 
profound influence on the mechanism which one has to 
produce for its combustion 

Coal 1s 


chemical constitution 


not a homogeneous material, neither im its 


structure and Hipurities, nor im 
its physi al reactions to heat Phe more research on coal 
and ash has been carried out the more have the differences 
heat 


Phe evolution of volatiles of varying compost 


in their behavior under the influence of become 


evident 


tion at rising temperatures, the different swelling and 


coking properties which lead to a change of particle size 


density, porosity and surface reactivity, the formation of 


cenospheres’ by some coals during the carbonizing 


Stage of combustion, the hability of others to disintegrate 
when suddenly exposed to heat, are only a few examples 


of the bewildering variety with which the investigator 


of coal combustion is faced Because of the smallness 


and jsolation of each parti le oan the pulverized-tuel 
than in an accumulation of larger 
lead to different effects 

Phe 


the 


these changes take place yreater mdependence 


preces ona vrate and 
homog 


less 


itself, far 
party le 


pulverizing from 


coal 


proce 


produces Irom 
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1000 microns corresponding to 
10,000 to The and 
surface distribution this follows an ex 
ponential law of general character (1)?: for the residue 


than 
ratios of at 


than | to 
surface 


more 
least size 
within range 


ona sieve with the aperture « the probability curve 


R ©, (Rosin-Ramiiler Distribution Law) 


and for the particle distribution its differential curve 


dR 
dx 


LOOnbx” be 
R is the percentage of powder remaming on a sieve 
having an aperture ob merous 
b and » are constants which depend on the kind ot 
coal and type of pulverizing process 
Equation | can also be written as (2) 


R 


where v is the value of the diameter for which KR becomes 
100 © ~ 357 per cent and therefore characterizes the 
absolute particle size, and mis the distribution constant 
which the 
When w# 1s infimite, all grains have the same cdiiimetet 
and when »# is small the sizes are spread over a wade 


gives information on closeness ol sizing 


range and the dust contains a high percentage of tines 


Fig. | shows residue and size distribution curves ol 


coal powders ot different fineness 


and avathability) 


combustion mech 


Because surtace (its) size 


IS the most mnportant factor the 


amsm of pulverized tucl, the recent mvestigations on 
size distribution have laid inereasing emphasis on the 
Without going imto details 
may the 
Pulverized bituminous coal of 25 to 30 per cent volatile 


used am large 


caleulation of total surface 


sullice to mention order of magnituct 


Inatter ground to the fineness at present 


furnaces an initial of the order 


of 200 to 300 m* keg 


boner 


ISSCSSCS 


much of which is contributed by a 


relatively small weight) of fine dust For example 


if there is only O.1 per cent of dust with a particle size 
of mucron present kg of pulverized coal, the 
HO m On the other hand 


total surface is mereased by 


0.1 per cent of particles of | micron account for only 


dm It is this diserepaney between weight and surtace 
lends to the 


fueclits particular feature 


combustion ot 


fractions which pulverized 


Phe initial surface is reduced to that of any ash or 


Slag particle formed during combustion, and a one trv 


to base the study of the combustion procs upon 


consideration of surtace, the conception Ob an iidieated 


mean effective surface’ has to be introduced, am the 


same sense as “imadicated mean elective pressure 


used in internal combustion engines im which the pressure 
Pheoretical 


of combustion 


changes during the proce exper 
that the 
ented by the 
finer the coal ha 
volatile content, thr 
combustion curve the 


elhective 


mental researches agree 
and the 


can be 


reduction. of of coal dust am 


substantially repre type ol curve 


shown in Fig 2 (64 been ground 


and the higher it teceper the 


initial rise mm the curve 
the value of thr 


Which ha 


urlace can 


midheated mean 


be obtamed to be tpplied 


cousiderations of the combustion proce 
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Methods and Phases of Coal Combustion 


\part from the combustion of the volatile matter and 
of the gaseous combustion produc ts CQ and He for 
which the mechanism of gaseous combustion, partly im 
pre-nuxed flames and partly in diffusion flames, applies 
all the phases occurring m the combustion of coal are 


reaction between i olid and a vas Lhe special 
features of the combustion of pulverized fuel in contrast 
to other methods of coal combustion are brought out 


by the following classification (4 

a) On the grate the coal is in a stationary position 
fixed by gravity Phe air passes through imterstices of 
the tuel bed and reacts with the outer and immner coal or 
coke surtace Since the flow of gas through beds of 
broken solids is very irregular, only part of the coal 
ivailable for the reaction either for aero 
dynannueal or kinetic reasons Phe relative velocity 
between gas and solid is ligh and the flow itself is 
turbulent Phe action of gravity in keeping the fuel on 
the grate is enhanced by any caking properties of the 
coalor the melting of ash 

4) In flundization the fuel bed alternates continuously 
between bemy stationary on the grate and in Suspension 
in the ca Wluile on the grate, the conditions under (a) 
ipply \t the moment of lifting, the relative velocity 
between coal and air decreases but the individual 
particles are im a state of lively commotion which in 
creases the proportion of available surface. The aero 
dynannes of fluidization are not yet fully explored 

In the classical method of pulverized-fuel tiring 
the coal dust, is introduced as a suspension im air and 
remains suspended during the whole combustion process 
Phe acrodynannuecal laws for the behavior of solid particles 
suspended im gas apply \ velocity difference between 
wr and particle and between the particles themselves 
is created which depends on factors to be discussed 
later Phe avialable reactive surface, inasmuch as it 1s 
not covered by ash, is a maximum but the relative 


velocities between gas and solid, particularly in the later 


Stages of combustion, are low 

(/) In the eyelone combustion chamber for coarsely 
pulverized coal, the fuel is also introduced suspended in 
an ir stream but the larger sizes are separated by 
centrifugal toree and deposited upon the wall of the 


combustion chamber Phey are held there stationary 
partly by centrifugal force, partly by the gluing action 
ol molten slay Phe air swee ps over their surface at 


lngh velocity which, together with the turbulent nature 
of the flow and the very high temperature, results in a 
ligh reaction rate; the available surface, however, is 
restricted 

Classified as phenomena, the following stages in the 
combustion process ol pulverized coal can be distin 


1) The period before ignition which includes the 
heating of the air-dust stream and the partial 
expulsion of volatiles 

The ignition period of the solid residue which 
normally comedes with the combustion of the 
volatiles by which it ts supported 

(3) Phe combustion period of the carbonized residue 


Owing to the differences in’ particle size, relative 
motion, and location in the furnace these phases are not 
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separated trom each other but overlap considerably. In 
each phase various iifluences are active simultaneously 
and if the mechanism depends on several processes in 
series, such as heating before ignition, or diffusion before 
combustion, the slowest will determine the reaction 
rate 

Phe combustion of the very fine dust, particularly of a 
coal with high volatile content, resembles more the 
phenomena in pre-mixed gaseous flames. The ignition 
of coal itself, particularly if a decomposition into gases, 
vapors and a solid residue takes place under the influence 
of heat, is not a well-defined process nor is it possible 
to relate it to a fixed temperature in the nature of a 
physical constant of the coal. Time and location of 
the ignition in a furnace depend on the properties of 
the coal, its particle size, the preheat of coal and air, the 
fuel-air ratio, the entrance velocity and direction of the 
air-fuel jet, as well as on the environmental conditions 
amongst which radiation both from the flame and 
furnace walls plays a prominent role 

Speedy ignition is the key to an eflictent utilization ot 
a given combustion space because with the present high 
entrance velocities of the dust jet, delayed igntion causes 
not only a considerable loss of combustion space but 
also a delay in combustion itself, which is no longer 


assisted by the high initial turbulence of the jet. The 
means of achieving speedy and stable ignition are well 
known. They are: limitation of the primary air 


roughly to an amount needed for the combustion of the 
volatiles; high preheat of the air; provision of “‘solid”’ 
radiation for coals with low volatile contents for which 
the combustion of the gases cannot provide a sufficient 
source of heat particularly at low loads. Yet, although 
well known, the control of the mechanism of ignition 
has remained empirical because of its fleeting character 
and the many factors which influence it. 

Phe combustion of the carbonized residue of larger 
particles can no longer be described as a homogeneous 
flame or a flame body as attainable with gases, vapors 
or very fine dust, in which a balance between the propaga 
tion combustion wave and stream velocity is maintained 
It is rather the individual burning of suspended particles 
and this phase of the combustion process becomes ol 
overriding importance for the whole mechanism. The 
various partial processes have therefore mainly been 
studied in their bearing on this problem 


Aerodynamics and Thermodynamics 


Since the process of burning pulverized fuel generates 
and transfers heat in a moving gaseous medium, aero 
dynamics and thermodynamics become inseparably 
linked 

Phe coal dust occupies less than 0.01 per cent of the 
volume of its air requirement for combustion. Aero 
dynamically, such a suspension behaves like a_ gas, 
possibly showing a slightly increased apparent viscosity, 
and the laws governing the movement of solid particles 
in gases are operative. On the differential velocity 
between dust and gas depends not only the heat and mass 
transfer by forced and natural convection and molecular 
diffusion, but also the time of residence of each particle 
in the combustion space. 

In 1933 the author presented a paper on ‘Lois Dy 
nanuques de la Combustion” to the III® Congrés du 
Chauffage Industriel. This paper also dealt with the 
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aerodynamics of the combustion of pulverized fuel and 
mentioned that differential velocities could be caused by : 


(a) gravity leading to a differential velcoity known as 
terminal velocity of a falling sphere in a gas, 

(6) centrifugal forces in eddies under conditions of 
turbulence, 

(c) buoyaney forces due to the higher temperature of 
the eny elope of hot combustion gas 


To this must be added 


(d) the mechanical thrust exercised on a particle by 
the igniting volatiles. 


These differential velocities have a twofold effect 
they break up, or at least reduce the thickness of, the 
gaseous stagnant layer at the surface, and once ac 
celerated by any of these forces the higher inertia of the 
particle allows it to leave its gaseous envelope and find 
fresh supplies of oxygen. It should be realized that, 
assuming a uniform distribution of dust in its theoretical 
volume of combustion air, a particle of about 60g dian 
eter is just contained in its theoretical volume of 
combustion air. All smaller particles for the usual 
fineness the vast majority by number and about 50 
per cent by weight therefore find their air requirements 
in their immediate vicinity whereas the larger particles 
depend on differential velocities for their full air supply 

The most comprehensive formulae for the terminal 
velocity due to gravity of falling spheres of coal in air 
and combustion gas of various temperatures and vis 
cosities for Reynolds numbers between 0.6 and 2500 
have been developed by W. Guim (5), and valuable con 
clusions about the time of residence of particles in the 
furnace gas for upstream, downstream and horizontal 
flow may be drawn therefrom. Gumz has also calculated 
the correction to be made if, by the formation of ceno 
spheres of swelling coals, the volume of the particles 
increases and their density decreases, or if by water 
evaporation shrinking occurs 

To quote merely orders of magnitude: the terminal 
velocity at L000 to 1250 C gas temperature of the largest 
dust particles of about 0.2 mm found in presentday 
pulverized-fuel practice, is approximately 0.4 to 0.5 
m sec which therefore is the maximum differential 
velocity between particle and gas which gravity can 
produce. The corresponding figure for the most frequent 
size fraction, the diameter of which according to Fig. | 
is only about one-sixth of the largest size, is no more than 
0.1 m see. These are initial values related to the initial 
size of a particle, and as its size is reduced during combus 
tion, the terminal velocity decreases. 

The mean flow velocity of the gas body in the com 
bustion space of a large boiler at these temperatures lies 
between 6 and 9 m_ sec, and it 1s in these regions of gas 
and differential velocities that laboratory measurements 
of the reaction rate would be most valuable. Unfortu 
nately most of them have been carried out at much 
higher relative velocities 

It has often been overlooked in calculations of the 
relative movement of coal dust particles in a combustion 
space that a burning particle 1s surrounded by an en 
velope of hot gas, the temperature of which may be 
considerably higher than that of the surrounding atmos 


phere. ‘The differential density creates strong buoyancy 
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forces which may counteract the effect of gravity and 
even reverse it. 

In comparison with the differential velocities due to 
gravity, those due to centrifugal forces 1m eddies may be 
considerably greater and also lead to tar greater velocity 
differences between particles of different size Purbu 
lence as the promoter of small eddies im which great 
centrifugal forces are Operative is, therefore, the para 
mount requirement tor a ligh rate of combustion ot 
large particles. Here one tiust distinguish between 
natural and artificial turbulence. Natural turbulence 
iS a propertly ol flow, iIndepende nt of external influences 
Various portions of the gas no longer follow the general 
direction of flow but roll themselves up and proceed as 
eddies, a state characterized by a certain value of the 
Reynolds number. However, calculating the Reynolds 
number for the imanediate surrounding of a  particl 
from 
R terminal velocity & particle diameter 

: kinematic viscosity of combustion gas 
for temperatures between 1000 Cand 1250 C, one 
arrives at values below 1, which are far too low to madicat 
any turbulence in the mumediate viemity of a particle 

The creation of eddies and centrifugal forces depends, 
therefore, on artificial turbulence by adequate burner 
construction and judicious introduction of secondary 
and tertiary air. None of these eddies is, however, 
long-lived because their energy 1s quickly consumed by 
the acceleration of the dust particles and by trietion 
Artificial turbulence is also produced by the sudden 
expansion of gas during combustion and the buoyaney 
of burning particles, particularly where a large mumber 
of particles is burnt simultaneously as in the first halt 
of the combustion space. “Phe effeet of all this is, there 
fore, that turbulent conditions will exist during ignition 
and in the first period of combustion but that for the 
burning of the larger coke particles one becomes depend 
ent on diffusion as the main source of oxygen supply 

Although one can thus deseribe qualitatively — the 
various acrodynamical phenomena during the combus 
tion of pulverized fuel, they cannot be treated quantita 
tively. For the combustion of pulverized coal does not 
take place in an orderly way so that, for instanee, the 
terminal velocity alone would determine the relative 
movement of the particles. Complheated local flow 
patterns aided by large differences and changes of 
temperature arise and disappear so that no equation 
defining the state of either the gas body as a whole or 
in the viewty of an individual particle can represent 
the true acrodynamical and thermodynamical picture 
All that can be done is to approach the problem as a 
statistical integration using mean velocities, tempera 
tures and conditions of flow 


Kinetics 


A fundamental factor in the design and performances 
of pulverized-tuel installations the total time of 
combustion ¢, of a particle in relation to the time of it 
residence ¢, in the combustion space Sinee the com 
bustion time of small particles is short, it 1s for the larger 
size fraction that this relation becomes muportant In 
order to avoid carbon losses and deposit on the con 
vection cooling surfaces, the relation ¢, > ¢, should be 
observed for at least OS per cent ol the dust 
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Phe time of residence depends mainly on the aero 


dynamueal factor the time of combustion is controlled 
bys inl interdependence ol aerodyvuamical therme 
dynamueal and chemical influences. Whereas the com 


bustion of the volatile matter and of the very fine dust 


follow the mechanism of a homogeneous yaseous 


reaction, the combustion of the non-volatile coal sub 
tance 3S a heterogeneous reaction which, im the last 
mstance, depends on the availability of oxvgen at the 
reacting surtace Phe type and rate of the various phases 
im heterogeneous reactions depends on tem 
perature incl ind the total turnover of substanes 
IS proportional to the available size of its reacting mner 
iid outer surtiace 

hie CONCE Ol reaction rate expressed lor 
mistunee, as mg coal burnt per em’, however, cannot 


ipply to the first stage of the combustion of pulverized 
coul when the olatile ire burning outside the purty kk 


ind the fine dust behaves more lke a ga It can only 
ipply to the burning of the carbonized residue of the 
larger le iid their reaction kinetr have been the 


of both expermmental and theoretical studies 
However, in view of the confusing effect which particle 
ive Shape val constitution and ash mav have on 
the results, experiments were mamly carried out with 
elected spheres of pure carbon or in carbon tubes under 
trietly defined conditions. One may 
issume that the rate of reaction of an ignited coke 
ke plotted the progress ol the reaction 
toward completion, las the general character shown in 

\t the oxygen is plentiful and turbulence 
iS hugh but the temperature is still low; toward the end 
is searce, turbulence is low, the miflucnee of the 
ish may make itself felt and the temperature is falling 
Phe maxinum rate is reached at a certam ratio of surface 
temperature and oxveen availability Phe actual tem 
perature besides bemg a funetion of the oxygen supply 
depends com the ccoudary reactions (Boudouard, 
(issocrition), om particle size and on the heat transfer 
to and from the particle by convection and radiation 
Ino a combustion space for pulverized fuel, however 
the first part ol this curve ts preceded and influenced by 
the combustion of the volatiles and the tine dust which 
kly raise the temperature to a peak, while con 
unnng much of the oxygen immediately available to 
each particl results m a momentary oxvgen 
hortage for the larger carbonized particles until they 
escape from the flame of burning gas and fine dust imto 
regions Where oxygen is still available. Hence, there 
should be two maxima in the heat release (temperature ) 
of a burning coal particle, the first during the combus 
tion of its volatiles, the second at the beginning of the 
combustion of the carbonized residue when it still finds 
stufherent oxvgen and the ash does not yet interfere with 
the burning rate This has, in faet, been observed by 
(4) 

It has long been known that, because of the exponential 
nature of the reaction rate of combustion 


rate Ae (A and ¢ constants, T absolute 


temperature ) 


the chemical resistance at practical furnace temperatures 
is so stnall that the actual rate is controlled solely by the 


supply of oxvgen to the reacting surface Dependent on 
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the environmental conditions of a particle, this takes 
place by diffusion, convection or a combination of both. 
It was, however, not fully established 

|) whether the primary reaction is 


2C + PO 


"2C + 0 2CO 


in Which latter case only half of the weight of oxygen 
has to be supplied to a given weight of carbon as in the 
combustion to CO 

”) what the size and availability of the outer and inner 
reaction surface 1s as a function of both temperature and 
behavior of ash 

6) how the chemical resistance and reactivity of 
various carbonized coals change with temperature, and 
whether ultiinately all coke residues show the same rate ot 
reaction, 

1) in what proportion diffusion and convection con 
tribute to the oxygen supply at the various Stages ol 
combustion 

©) how the reaction rate depends on the absolute siz 
of the particle 

Recent research has made some notable contribution 
toward answering these questions. It has been experi 
mentally proved (S) that at temperatures exceeding 
1100 C, carbon monoxide is the primary product of com 
bustion, either directly or involving the Boudouard re 
action Phis leads to the conclusion that the combustion 
ot CO to COn takes place as a secondary homogeneous gas 
reaction so that there are actually two “‘combustion 
fronts,”’ the first on the surface of the particle, the second 
at some sinall distance where CO and H. meet the oxvgen 
Phe existence of such a second front would help by radia 
tion, to maintain a sufficiently high temperature of the 
parti le surface, but would also act as a sereen for the im 
comimg oxygen and thereby slow down the rate of the sur 
lace reaction 

Wicke and Ins collaborators (9), in their combustion 
experiments mside a carbon tube, have established three 
temperature stages in the combustion process of carbon 
during each of which different factors control the re 
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Fig. 3—Rate of reaction of an ignited coke particle plotted against the 
progress of combustion 
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action rate. At relatively low temperatures (900 to 600 
C) at which the whole external and internal surface of the 
carbon material oxygen, the 
reaction rate 1s purely chemically controlled and possesses 
a high activation At medium temperatures 
(750 C) the chemical rate increases but the participation 
of the inner surface diminishes, resulting in an apparent 
lower activation energy At high temperatures (above 
1100 C) at which the chemical reaction rate is high, the 
the transport of oxygen 


is available for sutticient 


energy. 


actual rate is determined by 
through the boundary layer to the carbon 

The statement that at high temperatures the chemical 
resistance becomes neghgible, does not mean (10) that it 
has vet been proved that any diiferences in the reactivity 
of the coke residue from different coals disappear at high 
that the 
carbon surface is the same for dit 


the in 


temperatures, and therefore rate of reachion 


ineasured On a pure 


ferent carbonized coals Their reactivities and 
fluence of ash on them under practical combustion con 
ditions are largely unknown 

Phe first and second stage of Wicke correspond roughly 
to the pre-agnition and ignition stages of pulverized coal 
fed into a combustion space, during which the expulsion 
of the volatiles, their ignition and the ignition of the coke 
residue take pl ice Phe third compares with the com 
residue of carbonized coal when oxygen 


particle, whereas CQ and H 


bustion of the 


moves toward the move 


away trom it This mass transfer can take place by 


forced or natural convection due to the relative motion 


between particle and gas, and by molecular diffusion 


Since at the same time heat is transferred to and from the 
between mass, 


Under 


burning particle, the Reynolds analogy 
heat and momentum transfer may be applied 
these assumptions several attempts have been made to 
calculate the 


of a sphere of coal or carbon, and to compare the calcu 


rate of reaction or the tame of combustion 
lated results with those obtamed by experiments or with 
Whereas the earher 


through 


scule plant 
boundary 


measurements on large 


ittempts assumed a laminar laver 
which the transport of oxygen could only take place by 
diffusion, GGumz (5) has based his calculation of the com 
bustion time of coal spheres on the assumption that the 
inass transfer 1s convective, meaning that by analogy with 
the corresponding laws of heat transfer, the diffusion ts 


included. His results, which take into account the de 


crease of diameter and oxygen supply, are in fairly good 

agreement with experimental and practical measure 

ments 
Godsave 11) using Froesshng’s semi-empirical equa 


tion for the mass transfer as a function of the Reynolds 
and Schmidt numbers, has recently made an interesting 
attempt on these lines to relate the reaction rate of burn 
ing carbon particles of different size to the surrounding 
flow and diffusion criteria. For example, for carbon 
spheres in air at a representative mean gas film tempera 
ture of 1200 C the rate of the reaction C + Ov 2CO 


may be expressed by the non-dimensional equation 
F 247 (] + Re ) 


in which F is a non-dimensional reaction rate factor 


Sd 
pD 


with 
S specific reaction rate at the surface of the 
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sphere (g cm * see!) 
diameter of the sphere (em) 
density of the gas (g em *) 
coetlicient of diffusion of oxygen im the gas 
~') 
Schnudt number 
Ri Reynolds number 


Phe Schnudt number is a non-dimensional erterion 


for mass transfer by diffusion and ais detined as 


absolute viscosity of gas 


density of gas & chifusion coctherent 


In order of magnitude, for oxygen im an 


O.95 1 

Sc 0.46] 
Phe value of the numerical factor m Godsave's 
equation is directly proportional to the partial pressure ot 
oxygen in the also the 
highest possible CO content of the gas at the burning 


free gas stream It expresses 


surface (10) 


1.21 


vCQ) 


for dry air and pure carbon 
States that over thi 
Reynolds number thre 


(sodsave ol at ke ist SOO to 
L100 at 
the gas film temperature on the numerical form of lis 


He has found evident 


yee 


any given miflucnee of 


equation is slight agreement be 
so caleulated and the 
Davis and Hottel (12 
measured the 


tween the theoretical values CX Pert 


mental measurements of Tu ind 
of Smith 
combustion rate for spheres suspended on wires mi an ait 


Pable I 


and Gudmundsen (15), whe 


stream shows values of the reaction rate tor 


- mim spheres as obtained experimentally by Smith and 


suspended on fine 
of controlled tem 
It also shows 
alues for 0.2 and mim spheres calculated 
Phey will apply to 
therelore 


Gudmundsen with carbon sphere 


wires oan cur stream mside a turnace 


perature, and as calculated by Godsave 
approximate 
according to Godsave’s equation 
an infinite supply of air and take no account 
of the depletion of oxygen occurring ma furnace as the 
combustion proces ds 

\Ithough these 
decrease of oxvgen and the mercase ot ash with proceed 


than those ap 


values, which do not account tor the 


ing combustion, are very much higher 


parent in actual practice, they show one mteresting lact 


diameter 
hact 


the reaction rate mereases with decreasimy 
It as difficult, at first sight, 
that with decreasing diameter the Reynolds numbers be 


Phe explanation can only be that im diffu 


to reconcile this with the 
come smaller 
sion, parallel to heat transter, the gradient 1s meer ely 
proportional to the diameter Phis effect 
greatly outweighs the retarding effect of lower terminal 


accelerating 
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velocities and lower Reynolds numbers, which latter 1s so 
small anyway that it can have no influence. It further 
shows that diffusion under these conditions is by no means 
a Slow process a has often been assumed 

It must be emphasized that Godsave’s equation gives 
the rate of reaction only for the particular diameter to 
which it is applied In order to obtain a mean reaction 
rate over the whole lifetime of a particle one has to inte 
grate between its mitial and final diameter; im addition, 
to make the values comparable with conditions in a fur 
nace one has to mtegrate over the decreasing oxygen con 
per cent and the final oxygen in 


centration between 
the combustion gas according to the excess of air used for 
combustion 

In Fig. | the ratio between the actual reaction rate at 
any moment of the combustion and the initial rate! has 
been plotted against the progress of combustion toward 
completion Phe curves have been calculated tor various 
excess air percentages ranging trom O to infinity, this 
last, therefore, representing the conditions of Godsave 
and South and Gudinundsen The figure further con 
tains a curve for the ratio between momentary and int 
tial chameter 

These results throw new hight on our knowledge of the 
final stages in the combustion of coke particles ma com 
bustion space For combustion with the theoretical 
amount of am (n 1.0) when tree oxygen and carbon 
disappear simultancously, the reaction rate is falling 
continuously and the effect of the rising gradient with 
decreasing diameter 1s mil. But already for an air ex 
cess of 25 per cent (n 1.25) the drop in the reaction 
rate with proceeding combustion is considerably less and 
turns over into an increase toward the end. This is still 
more pronounced at oO per cent and 100 per cent air ex 
cess (n 1.5 and 2); for the latter, the initial rate of 
reaction is nearly constant for the first half of the com 
bustion falling only about 5 per cent, and then im 
creases in the second half, particularly the last stage. 

Phe inference to be drawn from these curves is that the 
accelerating action of tertiary air supplied at an advanced 
stage of combustion is less due to any aerodynamical 
effect than to the strong effect on very small particles of 
higher oxygen concentrations 

Phis picture does not yet take notice of the effect which 
the increasing ash content of a burning particle may 
have on the reaction rate. There may be catalytically 
accelerating effects and there may be a delaying influence 
by covering the carbon surface with a layer of ash or slag. 
Except for the conclusions which one may draw from the 
carbon content and microscopical examination of flue 
dust, no experimental data on the tail end of combustion 
seem to be available 
final phase of combustion in a furnace is often the most 
important one, it is hoped that future research will fill 


Since, from a practical aspect, the 


this gap in our knowledge 


Accelerating factors im the combustion mechanism 


are therefore 


temperature up to about C, 
volatile matter 

turbulence 

OXVLCT CXCESS, 

diminishing particle size 


Phe initial burning rate is the rate of combustion of the original yonmited 
carbon particle at a given temperature (12006 
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Fig. 4—Ratio of actual reaction rate at any moment of combustion to initial 
reaction rate plotted against progress of combustion 


Retarding factors art 


surtace layer, 

falling oxygen concentration, 

heat loss by radiation below LOOO0 C, 
ash. 


Finally, it should be mentioned that although the curve 
for the reaction rates may be similar for all particle sizes, 
the wide size distribution of pulverized fuel causes the 
maximum rates to be reached at different times, at dif 
ferent distances from the burners and for different pe 
riods of duration. This is the more so as in many practi- 
cal designs such as tangential firing, the corner burners are 
arranged on top of each other and can be tilted, which re 
sults in the staggering and overlapping of the successive 
phases and leads to various times of residence of the par 
ticles in the furnace. The separation cf the various 
stages becomes thereby less pronounced and the overall 
combustion intensity expressed, for instance, as heat re 
lease in time and space becomes more uniform 


Specific Heat Release 


So far the influences which the various partial proc 
esses exercise on the time of residence and on the rate 
of combustion have been dealt with. But, as stated in 
the introduction, the combustion mechanism must also 
be related to space and this relation finds its statistical 
expression in the specific heat release per m* combustion 
space and hour. It can be expressed as (14, 15) 
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with 
QO specific heat release in keal per m* combustion 
space an hour 
Ca the net calorific value of the fuel in keal kg 
| the volume of combustion gas arising from 
| kg of fuel (O° C, 760 min) 
/ the mean absolute temperature of gas in the 
furnace in ~ C 
i the time of residence of the combustion gas im 
the furnace in seconds 
Thus, if ¢ ? seconds, there will be |1SOO gas changes 
per hour Phe term | ¢, may also be called “space 
velocity 


For a particle which moves with the same velocity as 
the gas, the maximum time of residence available for 
combustion 1s that of gas residence. Any longer combus 
tion time means unburnt coke being carried over into the 
convection part ol the boiler. Longer times of residence 
due to lower velocities of the particles, or shorter times of 
combustion allow more fuel to be burnt Phis will raise 
the temperature and velocity of the gas, and the limit 
is reached when either the furnace leaving temperature 
becomes too high or the combustion time of the largest 
particles exceeds their time of residence. The ratio 


time of fuel residence 


time of gas residence 


in the rising gas stream of boiler furnaces may be of the 
order 1.05-1.10 but is very much higher in cyclone fur 
naces, 11 which the time of fuel residence is increased by 
centrifugal forces and by the adhesion to the liquid slag 
Very high heat releases can, therefore, be obtained in the 
evelone proper. Owing to this and the limited cooling 
possibilities, however, the gas leaving the cyclone and 
earrying still unburnt dust with it needs additional com 
bustion and cooling space 

The specific heat releases in large steam generators with 
capacities of 90 to 100 \Iw are of the order of 220,000 
IS0,000 kKeal)m* h whereas in the period between the 
wars heat releases in smaller boiler units of 25 to 50 Mw 
of 300,000 to 250,000 were usual. All these values are 
considerably lower than those which can be derived from 
the reactions rates previously discussed Phe question 
arises, therefore, whether it 1s desirable and possible to 
conduct the combustion mechanism in the furnaces ot 
large boilers in a way which would increase the apparent 
reaction rate and specific heat release. The object would 
be to reduce the capital cost of the unit by reducing the 
size of the combustion space Phe means which follow 
from equation (for specific heat release, above) are well 
known: limitation of excess air, lowering of the mean gas 
temperature and shortening of the ignition and combus 
With the present furnaces already operating 
with only 25 to 30 per cent excess alr, there 1s little scope 


tion timc 


for further reduction, particularly since this, as Fig. 4 has 
shown, will slow down the reaction rate Lowering the 
mean gas temperature by 100 C from 1500 to 1400 C abs 


increases a heat release of 200,000 by about 7 per cent 


but this means 


inereasing the radiation at a lower tem 
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perature difference without imereasing the radiation-cool 
ing surface by higher flame emissivity and cleaner radia- 
tion surtaces of higher absorption capacity. 

The shortening of the ignition and combustion time by 
aerodynamical means, namely the acceleration of heat 
and mass transfer, and their limitations toward the end 
of the particle life, has already been discussed. “Phere 
remains only the reduction of particle size by finer grind 
ing, and it is well known from the experiments with pul 
verized-tuel-fired locomotives and gas turbines that heat 
releases of several million keal m*‘h, corresponding to 
combustion times of only 0.1 to 0.2 seconds, can be ob 
tained for relatively short periods in combustion cham 
bers with high surtace volume ratios, clean cooling sur 
faces, fine griding and the admission of a small per 
centage of unburnt carbon. For large boiler furnaces, 
however, these premises do not apply 

Phe development of pulverized-fuel firing has been a 
constant search for an economic balance between grind 
cost, capital cost for combustion spaces and boiler avail 
ability. It has been found by experience, that large 
combustion spaces are at present the most economie way 
to keep the pulverizing costs down and to lengthen the 
periods of boiler availability. In facet, boiler availability 
has assumed overriding mportanee and demands tor 
solid as well as liquid fuels a limitation of the gas tem 
perature to no more than about 1100 C at the entrance 
into the convection-cooling surface. Any inerease of the 
specific heat release by finer grinding could only be con 
sidered if it were achieved without raising the pulverizing 
costs and without mereasing the furnace-leaving temper 
ature. Neither conditions can at present be tulfilled 

Crossley and Marskell (16) in a recent survey of the 
work of the British Boller Availability Committee state, 
among other recommendations to minimize the formation 
of bonded high-temperature deposits, “that the tempera 
ture of the combustion should be as low as possible to 
reduce the extent of vaporization of chlorine, that the 
furnace should be such that combustion is completed 
well before the gases pass over convection heating sur 
faces and that the temperature of the gas passing over 
convection-heating surfaces should be kept to a muni 
mum.’ All this requires large combustion spaces with 
correspondingly low heat releases 

Phat under the ever-increasing demands for boiler 
availability short combustion times cannot lead to eor 
respondingly higher heat releases and smaller combus 
tion spaces is best illustrated by a comparison with oil 
\Ithough the lifetime of 
fuel oil drops of sumilar size to that of pulverized coal 1s 
10 20 times shorter, the heat releases in large boiler 


fired boilers of the same size 


furnaces are, for reasons of boiler availability, mo more 
than per cent higher Phe impossibility of suth 
ciently rapid cooling makes the exploitation of short com 
bustion times mipossible 

\ further Wlustration is the eyclone furnace As men 
tioned before itis a high-temperature pneumatic separa 
tor in which the larger fuel particles are sifted out and 
burnt a7 situ Phe combustion im suspension is, there 
fore, only fed with small particles of short combustion 
time, but im spite of this and the very high heat release im 
the actual cyclone, considerations of boiler availability 
have so far not permitted tull exploitation 

Itis scen, therefore, that the mechanism of combustion 
boiler furnaces 1s bracketed between the economics of 
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dust preparation and availability. The known 
little prospect ol achieving 
yreater fineness Although our knowledge 
of the combustion kinetics and of the radiation of pul 
verized-fuel flames may be enhanced, the arrangement 
of sufficient radiation-cooling surlaces for inereasing boiler 
size and coals with higher ash content becomes more 
difficult. It would therefore appear that the mechanism 


of burning 


pulverizing processes offer 
at lower cost 


pulverized fuel with high specific heat re 
leases, a mechanism which 1s potentially existing, can only 
be exploited if the availability problem at high convection 
temperatures cat be solved. This would be equally 1m 
portant for oil- fired furnaces and mechanical stokers 
It is not within the scope of this paper 
i and thermochemical processes which are 
although 
But 


way 


to examine the 


thermoplhyst 
the causes ol bonded ce posits on boiler furnaces 


they are inherent the combustion mechanism 


one result of recent research which may peimt to a 
out of this dilemma should be mentioned 
Harlow (17) has shown that the of the 


alkali-sulphate deposits 1s the catalytic oxidization 


bonded 
SO. to SO, on the convection-heating surlace which oc 
temperatures exceed 450 C and which 
at about 600 C tube temperature 
this effect can be controlled 


curs if the tube 


reaches itS 


and prevented tor considerable periods by surface treat 


of the that 
ment of the tubes 
to avoid boiler deposits by preventing the acid formation, 
s effects.’ 

direction would allow the gas to 


and that more progress could be made 


than by dealing with it 
\ny 


leave 


succe in thi 
at higher temperatures with a corresponding 1m 
heat release and a better utilization ol the 


crease in the 


combustion mechanism 


Kilns and Furnaces 


Having reached it conclusion respect ol boilers, a 


comparison with large kilns and metallurgical furnaces 
The 


fired by pulverized fuel 1s now appropriate intro 


ductory statements about coal, ash and particle siz 
distribution apply equally to kilns and furnaces Phi 
kinetics of combustion are the same, but the aerody 


nannies are different inasmuch as the mam direction ot 


the flame is horizontal throughout Phe effect of gray 
ity in a horizontal gas stream 1s to concentrate larger 
particles im its lower lavers and, if time allows, to form a 


In a flame, however, this effect 1s more than 


outweighed by the buoyvaney of the burning particles 


sediment 


and the influence of gravity on mass transter 1s theretore 


neghyible On the other hand, the chances of a high cle 


ree of turbulence are greater, partly because of the 


better po 


sof introducing effective jets ob secon 


wid partly by the mi 


ability 


darv and tertiary air mito furnaces 
cot thre flame on the charge 
spect of thi combustion mechanism m 
snot apply to borers Phe 
range of the t heat release md heat transter should 


eoineide with that of the highest heat requirement ol the 


Phere is one 


which deo or 


proce It requires accurate timing ol the ignition and 


combustion phases by turniace and burner design, pre 


heat 
enough 1 


and control of the acrodynaties However, not 


vet known about the behavior ot pulverized 
fuel flames as radiating bodies, nor about their emissivity 
iid the role m them ot unburnt carbon particles and ish 
It is hoped that the (IS) expermunents ol the 
Foundation will fill this 


International Flame Research 
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There are no limitations on the exit temperature from 
the combustion spaces of kilns and furnaces similar to 
those existing for boilers. The exit temperature is merely 
dictated by the kind and thermodynamics of the indus 
trial process. Yeta serious problem of availability may 
be created by the action of ash and slag on the refracto 
ries. flues and regenerators. It appears, theretore, that 
the various aspects of ash and slag control will acquire 
growing importance for the combustion mechanism ot 
pulverized coal. 


Conclusion 


In this paper an attempt has been made to describe 
the role of the various partial processes which have to be 
combined to produce an efficient combustion mechanism 
and to correlate the results of experience with those of 
research. Although progress has been made on both 
sides during recent years, there is still a wide gap be 
tween them which it will not be easy to bridge, and our 
knowledge of the happenings in a large flame of pulver 
ized fuel is stall seanty 

For a large flame is not just the sum of many single 
so that its properties and reactions could be 
predicted trom the known reactions of the individuals or 
from measurements on a small scale. A flame must be 
considered as a whole, as an entity in which, no doubt, 
the reactions established in the laboratory take place but 
which, so to speak, takes the law into its own hand 
The combustion ot pulverized fuel in a flame is something 
The rapid combustion of the volatile 


particles, 


utterly disorderly. 
matter and the fine dust, the random movement of thou 
sands of burning particles of varying size the large dif 
ferences ol temp rature, density and viscosity of air and 
gas, together with the momentum of jets oi primary and 
secondary air, lead to continuously changing pattern» 
which may be explained in detail but can only be dealt 
with as a whole 

Henee, what really matters in the investigation of the 
mechanism of combustion of pulverized fuel, after the 
wicrocosm” of burning particles has been elucidated 
is the study of flame patterns as the statistical integra 
tion of all the partial processes discussed and the deter 
mination of their heat transferring properties. For the 
problem of utilizing pulverized fuel today 1s not so mt ha 
problem of intensive heat release, as one ol accelerated 


heat transfer and control of the ash 
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By CAPTAIN HARVEY L. ARNOLD, JR.7 


U. S. Atomic Energy Commission 


NE generally recognized problem associated with 
O pressurized water reactor systems 1s that long 
lived radioactive deposits tend to build up on the sur 
faces of the primary loop. On portions of the loop out 
side the core these deposits may reach levels high enough 
to hamper maintenance operations. This problem is 
intensified if stainless steel is used in regions of high 
flux. Cobalt-60 ts produced by n-Y reactions on cobalt 
59; and both cobalt-5S and cobalt-60 result from = n-p 
reactions on nickel 

Accordingly, a research program has been undertaken 
at the Army Package Power Reactor, the first power 
producing pressurized water reactor with stainless steel 
fuel elements and primary system. ‘This work is being 
\leo Inc., Schenectady, New York. 
Several of Alco’s re ports are listed as references im the 
The 
reference list also includes the basic descriptive publica 
tion on the APPR 

This paper 1s based primarily on the reports submitted 
by Alco 
the activity build-up through theoretical considerations 
is given, then a summary of the early experimental work 
Finally 
are discussed. 

Activity 


done by Products 


complete paper which is here in abstracted form. 


First a brief discussion of attempts to predict 


decontamination studies related to the problem 
outside the core could possibly stem from 
several causes: radioactive fission products from defective 
fuel elements; fission products from uranium present in 
the cladding either as an impurity or as a contaminant 
added during the fuel plate fabrication process; the prod 
ucts of n-O or n-p reactions ont he water or impurities 
Phe products of 


init; or activated corrosion products 


water activation are not long-lived; and demineralized 
water, free from impurities such as Argon-41, 1s used in 


the APPR 
product 


Therefore, in the absence of serious fission 


concentrations, activated corrosion produc ts 


are the activity source of primary concern. The insol 
uble corrosion product nuclides with relatively long halt 


lives are ol 


greatest interest 
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Activity Build-Up in the Primary System of a Pressurized-Water Reactor 
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These are 

Vuclide Half-life 
Cor 72 days 
Co' vears ty 

Fe days 

\In days 0 
Cr Pi days 267 


It is important to note that Co-5S, not Co-60, assumes 
domimating prominence when stamless steel cladding ts 
Type 301 the APPR 
contains 8.0 -11.0 per cent nickel, 6.0 per cent of which ts 
Ni-59 (n, 0) Co-60 activation but the nickel 1s essential 

The ultimate goal of any theoretical approach ts two 
fold: to predict the activity level of the primary water 
and to predict the activity deposited on the primary 
However, the complexity of the 


used. stainless steel, used in 


system components. 
many mechanisms in action has so far prevented re 
liable predictions. As an example, there 1s fundamental 
disagreement as to the relative importance of the cor 
rosion products which are activated im the core and then 
dislodged, and those which come from out-of-flux regions 
and are activated while passing through the core 

The usual approach has been to attempt to predict the 
activity of the water (and suspended particles) as a 
function of reactor equivalent full power hours (EE PH 
Various equations have been derived, using the tollowing 
sunple material balance 

Rate of accumulation 
removal. An example of such a procedure ts found in 


rate ol formation rate ol 


reference 7. “The removal mechanisms imeorporated im 


clude radioactive decay, purification or filtering, and 
sometimes deposition on the primary loop surtace 
Phe equations are recognized as approximations — they 


are based on assumptions such as a constant ratio of the 
removal rates due to purification and to deposition, and 
various relative contributions from in-flux and out-of- flux 
Further, the equations do not include the effect 
pil and 


regions 
of n-p reactions, flow rate, temperature, pressure 
many other parameters 

Even if the level of water activity could be accurately 
predicted, the problem of determining the deposition 


rate throughout the primary loop would remain 
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POWELL 


has the right valve! 


fi 
Handling fluids at sub-zero temperatures or at super-heat — or : 
any of the temperatures in between — 1s no problem if you a 
by install Powell valves. There is a Powell Dependable Valve to , 
oe meet your most exacting flow-control requirements, no matter Fig. 11303 W. E.: Steel 0. S. & Y. pressure 
4 what the extremes of your needs. seal gate valve for 1500 pounds W. P. at high 
A Ihe complete Powell line includes all types of valves in temperatures. Powell pressure seal valves 
t bronze, iron, steel and corrosion resistant metals and alloys, are available for working pressures from 600 
= for pressures from 125 to more than 2500 pounds W.P. Con- through 2500 pounds. 
a sult your local distributor (there's one in Most Major cities) 
~~ or write to: 
. The Wm. Powell Company ¢ Cincinnati 22, Ohio 
Pi Dependable Valves Since 1846 
4 
J 
MS Fig. 86190: Steel union 
bonnet globe valve for 400 
v W.0.G. Designed for liquified 
a petroleum gas service. 
av 
g Fig. 2453G: Large 150 pound stainless steel! Fig. 1503 Mod.: 342% % 
0. S. & Y. gate valve for low temperature Nickel-steel 0. S. & Y. 
service. Can be furnished with interchangeable gate valve for low 


solid or double wedge disc. temperature service. 


POWELL...world’s largest family of valves 
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By IGOR J. KARASSIK* 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part V 


(OUESTION 


Why 


hoiler feed Pump prior to placing it in 


hould it be necessary to warm up a high pressure 
under 
that a pump only partially warmed up, 
distorted 


from binding at the 


find quite we 
thal 


sufhicient!\ 


partially hot and parttally cold may be 


to cause major trouble 


close internal clearances But since high pressure boiler 


bump generally of the double-casing barrel type, 


cente? upport and with suction and discharge 


on the vertical centerline, why can they not be 


arled absolut 


\NSWER 


Phis is a rather controversial question, in that it 1s 
that the answer will be affected by the 
design of the pump internals. However, some general 


very obvious 


considerations may be made on this problem 


In the first place, not all methods of mounting the 


er. Harrison Division 


. 


on the shaft are alike. the iipellers are 
mounted with a slight shrink fit, starting the pump cold 
If, on the other hand, the 


npellers are mounted with no interference fit on a shatt 


will have no imjurious effects 


the material of which will expand more rapidly than the 
mapeller material, dependence is made on the shrink fit 
effected when the pump comes up to operating tempera 
ture. A cold start in such a case may lead to operation 
with slightly loose mipellers 

Phe effect of cold 
ner and casing barrel of a 


starts on the relative position of 


assembly double causiny 
pump may or may not lead to difficulties as the following 
When hot 
feed pump, the 


pansion of the outer casing barrel and of the 


will show feedwater is suddenly 


admitted to 


analysis 


a cold boiler relative ex 


element goes through two separate and distinet: phases 
At first, as the inner element is much lighter than the 


barrel and is in more intimate contact with the hot 


feedwater, it expands at a considerably faster rate than 


the outer casing itsell In order to simplify our analysis, 


we may even assume that the mner clement reaches its 


Fig. 1—Inner element of a typical pump identified as “*A"’ in above drawing undergoes relatively rapid expansion with a cold start-up procedure 
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final temperature before any appreciable temperature 
change has taken place in the outer casing Phen, as 
the pump continues im operation, the outer casing heats 
up and reaches its own final temperature at some later 
tiie If the easing barrel is not lagged, the temperature 
on its external surface may be somewhat lower than the 
internal temperature, but we can ne glect this difference. 

It mav be interesting to go through an approximate 
quantitative inalysis of what takes place during these 
two phase Let us assume that we are dealing with a 
7-stage boiler teed pump, designed to operate at 520 F, 
that the miner clement 1s ob o per cent chrome stainless 
teel and the outer barrel 1s made ot forged SAE-1020 
teel Phe coetherents of expansion ol the two metals 1m 
question can he considered to be the same and equal to 
(}Q000065 imehes inch degree Let it be further 
issued that the length of the inner element within the 
barrel (dimension in Fig. 1) 1s 66 1n 

If, when the pump is at rest on standby service, the 
metal temperature ts permitted to fall to 120 F, the 
ndden admission of feedwater will cause an 
expansion of the inner element of 0.047 in. This means 
that by the time the inner element will have come up 
to its final temperature, 1 will have expanded forty 
even thousandths of an inch with relation to the casing 
barrel Ultimately, the outer casing will also come up to 
temperature and wall ¢ xpand by an equal amount, null 
fving the initial expansion of the mmner element 

Phe effeet of this initial relative expansion, followed 
by a return to the initial relative position of miner 
element and outer casing, will have different effects on 


COURSTIOON 


have recently ned specincations for three hotler teed 
pump de for «oO psig discharge pressure In our 
desire to purchase equipment with something hetter than 


cast tron for the casing material, We specified that pump 


casing “ure lo be ol cast carbon lee mere 
much surprised when several bidder refused to quote 
cast steel casings and suggested that we ¢ hoose between 
cast tron and ao per cent e hrome Steel We had heard that 
chrome Stee are used for the higher pressure range in 
hoiler feed pum Can vou tell us what ts the reason why 
cast steel may be unsuitable? Can you also suggest what 
clite we may ook for n our existing in lallation to de 


termine whether we need to go to more expensive material 


than cast tron casings and standard bronze fittings” 


\NSWER 


Phe mechanies of corrosion-erosion attack 1m boiler 
feed pumps became first the subject of considerable 
attention in the early 1940's, when it became desirable 
to use feedwater ob a scale-free character his desire 
led to the use of lower pH values and to the elimmation 
of various mineral salts which had theretolore acted as 
buffering agents \s vou state, the practice was 
instituted to use chrome steels throughout the con 
struction of high pressure boiler feed pumps. But this 
does not mean that limiting this practice to high pressure 
pumps only is justifiable. [It 1s true that the feedwaters 
used in the lower pressure plants may not necessarily 
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different designs. The effects will depend on whether or 
not the construction of the double casing pump permits 
free movement of the inner element within the barrel 
If it does, the events which take place will have but 
little effect on the unit If, on the other hand, the mner 
element is constrained within fixed limits, 1t becomes 
necessary to interpose some form Ol compressible gasket 
between the inner element and either the barrel or the 
discharge head. (Sometimes these gaskets are 1 
COrpor ited at both poimts It then falls to these gaskets 
to absorb the difference in expansion we have calculated 
Whether a cold start will have an injurious effect on the 
unit becomes then a question of the reliability of the 
compressible gaskets and of their ultimate life 

Some consideration should also be given to the « ffect ol 
the warm-up method se lected. It is true that im some 
cases, the pump will be subjected to a certain amount ol 
distortion because heat may flow unevenly to various 
parts of the pump. But when warm-up has been 
properly completed, this distortion should disappear and 
of course will not have affected the pump while 1t was at 
rest \ careful analysts, however, 18 necessary to ¢ heck 
that a pump started up cold does not undergo this type 
of distortion as it is coming up to temperature, Sime 
interference at the running jomts oF misalignment at the 
bearings will be a possible cause of trouble 

Phus, in conclusion, it is obvious that some pumps cat 
be started up cold while others should not, but that a 
boiler feed pumps will profit from starting up warmed up 
if the warm-up operation insures a thorough an even 
distribution of heat to all parts of the pump 


undergo the same degree ot purification Nevertheless, 
ceases have been brought to my attention where ev idence 
of corrosion-erosion occurred in feed pumps operating at 
pressures as low as 325 psi 

lhe exact nature of the attack and the causes leading 
to it are not, in my opinion, fully understood since minor 
variations in the character of the feedwater or in its pH 
seem to produce major variations 1m the results. At the 
sume time, certam Very definite facts have become 
established 

| If not necessarily the cause, at least 1t 1s recognize d 
that low pH is an indicator of potential corrosion-erosion 
phenomena 

2 Feedwaters which coat the interior of the pump 
with red or brownish oxides (Fe,O;) generally do not 
lead to such trouble 

If interior parts are coated with black oxide 
(Fe.Q,), severe Corrosion-erosion well be « xpected 

1 When feedwaters are corrosive, cast iron seems to 
withstand the corrosion infinitely better than plain 
carbon steel. Chrome steels, however, with a chronuunm 
content of 5 per cent or higher withstand the action ot 
any feedwater condition so. tar encountered Some 
manufacturers have a preference lor 1 per cent chrome 
steels for the impellers, wearing rings and other pump 
parts other than the casing 

If vou install boiler feed pumps which are not fully 
stainless steel fitted, it is important to carry out frequent 
tests of the pump performance. This step will help you 
avoid sudden interruption of service. Corrosron-erosion 
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attack comes on rather unexpectedly and its deteriorating 
effects are very rapid once the attack has started. It 
protective scale formation is absent, the products Ol 
corrosion are washed away very rapidly, constautly 
exposing virgin metal to the attack from the feedwater. 
Thus, if the original pump capacity is liberally selected, 
there may be no indication that anything is wrong until 
such time that deterioration of metal has progressed to 
the point that the original margin has been “‘eaten up 
The resulting breakdown immediately assumes the 
proportions of an emergency, since the net available 
capacity is no longer sufficient to feed the boiler. Un 
less additional spare equipment is available, the power 
plant operator may find himself in an unenviable spot. 
Some years ago, one of the most startling cases of this 
nature came to my attention. When excessive internal 
leakage was discovered, the pumps could no longer carry 
the boiler load even with the help of the standby turbine 
driven pump. On dismantling, it was found that the 
wearing rings Which were made of cast iron had corroded 
to a fantastic extent Phe original clearances of 0.012 
in. had inereased to over ! 4 in. Other clearances had 
deteriorated in about the same proportion. The net 
capacity of the pumps (originally 300,000 Ib hr.) had 
fallen off to less than 200,000 Ib hr. The breakdown 
imposed a very serious emergency condition on the power 
plant, because no replacement parts were on hand. “The 
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This instrument for locating and measuring scale in water wall 


boiler tubes can help you to attain a higher level of mainte 
nance while reducing your outage costs. It is invaluable in 
locating pitted and eroded tubes prior to their failure, thus 
eliminating costly unscheduled shutdowns It reads scale 
thickness directly in thousandths of an inch Write today for 
information on the TURNER SCALE THICKNESS INDICATOR 
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reason for the unexpected nature of the trouble was that 
the maximum load on the boiler had seldom exceeded 
690,000 Ib hr and generally hovered around 150,000 
Ib hr. And yet three pumps were always kept on the 
line, each of these pumps carrying from 150,000) to 
220,000 Ib hr load. 

In order to avoid such an unforeseen emergency, tt 1s 
recommended that complete tests of the pump per 
formance be carried out at say not less than 3 months 
intervals, if the pump is built of materials which miay 
be subject to corrosion-erosion attack From a more 
constructive point of view, it 1s wise to investigate the 
effect of the feedwater used on the materials in the pump 
in question. Tf any indication exists that these materials 
may be madequate, replacement parts of stainless steel 
should be ordered If it is only imtended to replace the 
internal parts by staimless steel and to retain the original 
cast iron casing, the replacement program should be 
earned out at the first opportunity rather than waiting 
to the end of the useful lite of the original parts. Other 
wise, the deterioration of parts which form: a tit with thy 
casing may lead to mternal leakage which, im turn, wall 
destroy casing fits and make repairs extremely costly 

But whatever your decision is as to the mternal parts of 
the pumps you contemplate to purchase, carnestly 
recommend that you do not specify cast steel casing 
Poo many sad experiences have been traced to its use 
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Combustion rate anticipator 


In addition to control applications, L&N 
provides Speedomax" and Micromax" re 
corders for all power plant temperatures, 
conductivity, pH, per cent COs, Os, steam 
purity, smoke, frequency, voltage and cur 
rent (both AC & DC) power factor, kw, 
rkva, kva, daylight intensity and humidity 


Load-frequency control & panel engineering 
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coal-to-kilowatt 
control system... 


and you get more than merely undivided responsibility. 
You benefit dollar-wise from the precision engineering 
which goes into the design, development and application 
of every L&N control component. The Speedomax" re- 
corders and controllers used, for example, are the same 
types of instruments preferred by research laboratories for 
extremely high precision and reliability. 

And of equal importance, when you specify L&N con- 
trol, you get the benefit of application experience based on 
the complete power plant problem. For in the past 25 
years, L&N Field Engineers have tackled and solved 
instrument engineering problems in every phase of com- 
bustion, superheat-reheat, and load-frequency control. 

So, if you're thinking in terms of complete, integrated 
control and savings in operating costs for the long haul, 
look to L&N. Offices in 18 major cities, or 4972 Stenton 
Ave., Phila. 44, Pa. 
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Nineteenth Annual Water Conference 


HE Nineteenth Annual Water Conference sponsored 

by the Engineers’ Society of Western Pennsylvania 
originally scheduled for October 27-29, 1958, was post 
poned because of the hotel strike in Pittsburgh, and then 
took place December S-10, 1958, at its usual site, the 
Penn-Sheraton in Pittsburgh. Attendance was close to 
the 500 average of the last several years. Below we 
present abstracts of the papers we hold to be of interest 
to the COMBUSTION reader. 


Sewage Effluent 


Sewage plant effluent can be used satisfactorily in re 
circulating cooling systems and as boiler makeup pro 
vided you treat it idequately, according to 4, E. Tarman 
and James H. Richards, Betz Laboratories, Ine., in 
their paper, “Problems in the Use of Sewage Plang Ef 
fluent for Boiler and Cooling Purposes.” The treatment 
is aimed at preventing operating problems from organic 
growths, deposits and corrosion in cooling systems and 
foaming, carryover and ammonia corrosion in boiler and 
steam systems 

Proper treatment including preparation 
treatment of the system using it can be expensive and 


and after 
complicated and hence tends to be uneconomical if ade 
Cost figures were sup 
Further, 


quate fuel water can be found 
plied to substantiate the authors’ contentions 
some elaboration of typical problems from) inadequate 
treatment was advanced 


C. Robert Johnson, Universal Oil Products Co., who 
with the Parman 


a sudden halt 


expressed an essential agreement 
Richards conclusions, added the risks of 
in the sewage plant, if mumicipally run, because of po 
litical or the any 
industrial that might be tempted to use the sewage et 
fluent. Further the health reckoned 
with. Many sewage plants become heavily overloaded 
and plant equipment is not improved 
tions have been known to be opened whereby potable 


local pressures outside control of 


aspect must be 


Cross connec 


supplies were tamted 


J. L. Hellman, Bethlehem Steel Co., recalled the ex 
periences of his company’s Sparrows Point plant where 
they employ a quantity of sewage effluent from the City 
of Baltimore. In 1952 the City improved its sewage 
handling facilities and 

flected this improvement 


on the value of alum as 


results at 
A number of tests were run 
The 


too 


Sparrows Pomt re 


a treatment for effluent 


value was established but the cost was held to be 


high and with waters of turbidities about 9 ppm or so it 
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was not used. This 1s now the case at Baltimore, and 


Bethlehem Steel uses continuous chlorination at a rate 
of 5 ppm for algae and slime control so the Steel Co 


costs are not at all unreasonable. 


Frank R. Riley, American Cyanamid Co., similarly 
shared the sentiments of preference for fresh water over 
sewage elfluent. 
tions increasing im quality requirements as the best utih 
zation of what he felt to be an inferior water of unpre 
dictable treatment the only 
record were plants demanding large quantities of water 


He suggested certain specific applica 


costs. He noted users ol 


and suffering because of location from good water sup 


plies. 


L. P. White, Brown & Root, Ine., pomted out that 
use of sewage effluent 1s for one of these reasons: (1) 
insufficient fresh water available for industrial demand: 
2) a desire to reduce the pollution load on receiviny 
water, 


water; (4) conservation of 


ground 


bodies of 
whether surface or Any of these points and 
especially a combination can make what otherwise 1s at 
admittedly expensive source of water become attractive 
Necessity, rather than economics, is the quick rule on the 
effluent for industrial water 


advisability of sewage 


needs. 
Polymetallic Cooling System Treatment 


E. H. Hurst, National Aluminate Co., 
his paper “Water Polymetalli 
Systems that today the design of cooling water systems 
If thr 


employed fall within a similar group as measured by thi 


pomted out i 
Preatment for Cooling 


uses many different metals or metal alloys metals 
Galvame Series, problems will not arise from: this cause 
It not, and this is frequently the case, serious galvann 


corrosion can develop trom polymetalle couplings 


Phe authors showed tables of materials according to thei 
Series and tabulated thr 
lines, 


Galvan metals functional 


such as carrying heat exchange tubing or water 
boxes ina cooling system 

problem as the fact that a 
of different heat ex 
changer vessels and the polymetallie coupling possibih 


Hurst then discussed 


Further complheating the 
cooling system may use a number 
tics merease proportionately Mr 
the various inhibitors available and also mentioned the 
employment of metalhe coatings or cladding devices plu 
orgamie materials such as paimt, epoxy, resins 


J. D. Minford, \luminum Co. of America, felt that the 
approach to treatment of this galvamie corrosion problem 
by grouping metals with simular galvamie potentials was 


a good way to systematize data. He then discussed cet 
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tain speeitic points in the Hurst paper as he felt they 
would influence aluminum. As an example Mr. Minford 
said the possibility that only boron or nitrate can give 
excellent results for systems containing copper, steel and 
aluminum seemed unlikely to him. These chemicals plus 
certaim others, however, certainly could fit: the deserip 
tion of excellent results for five years in one instance ol 
his knowledge even with the presence of galvanic cells 


T. J. Hodan, Allis Chalmers Mig. Co., singled out the 
Hurst paper's admonition of the dangers imherent in 
wid cleaning heat exchange equipment unless care 1s 
taken to remove metallic tons such as coppel which 
would otherwise plate out at various points m the cooling 
ystem and set up new galvanic cells. Mr. Hodan then 
reported on a two-year case history of a surface conden 
erom power system employing aluminum 
tubes and steel tube sheets with a polyphosphate as the 
original basie corrosion control material The first eight 
to ten months left much to be desired Preatment was 
modified by adding a small amount of a complexing of 
chelating agent to prevent copper, especially, from 
gomy mito solutions. When last checked, sixtv days ago, 
iter a six-month period, condition of the heat exchanger 


tubing was excellent 


W. A. Tanzola, Betz Laboratories, Inc., commented 
that Table 2 of the Hurst paper offered the key to poly 
metalhe corrosion problems. This table outlined six 
factors accelerating corrosion and seven that served to 
decelerate corrosion The procedures to employ in 
building or designing a new system are the ones that were 
cietated by the accelerating factors in the Hurst table 
Qnee a system is in and working obviously the only 
thing that can be done then is to put to use the available 
knowledge of enhancing the decelerating factors The 
knowledge ts available for both and at costs Mr. Tanzola 


held to be reasonably economn 


Fundamental Corrosion Studies 


M. M. Obrecht and L. L. Quill, Michigan State Um 
versity, in their paper “Design of Tests Systems for Study 
ing the Corrosion of Copper and Copper \llovs by Vari 
ous Types of Water,” began with the statement that for 
nanny years Copper and copper alloys had been used in 
heat exchange systems and in hot and cold water dis 
tribution systems because they were reported to have ex 
cellent corrosion resistance over wide ranges of tempera 
ture, velocity and types of water The study the authors 
gave here was the result of first hand experiences at 
Michigan State 

Here, following World War If a large building pro 
gram was carried out using phosphorous, deoxidized, 
type Lo copper tubing for water distribution. About 
1950, leaks developed, mostly in the hot water lines but 
also strongly evident in the cold. Oddly, the tubing 1n- 
Stalled before World War I] in the older building was not 
at all rapud 

For the hot water system, a sodium zeolite softening 
is used and has been since the World War IT construc 
tion. The older buildings now use this treated water but 
originally did not have treated water, and tube samples 
showed a protective coat had been formed by this un 
treated water. The failures could have been from aggres 
sive water, at too high a temperature and too high a 
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velocity. The heat exchangers also developed leaks of 
their own and it was decided to reduce flow rates and 
correct the aggressive water. Temperatures were felt 
necessary and so no temperature change was involved. 
Steps were taken to accumulate data on these factors 
and some of the data compiled make up this paper. 

As an example of the findings the authors report it de 
sirable to (1) lower water temperatures to 140 F, (2) 
blend soft and hard waters to give a slight positive 
Langelier index, (3) improve and control regeneration 
procedures for zeolite softeners especially im rinsing away 
residual chlorides, (4) control CO. content of water, (5) 
attempt to reduce Oz concentration 


J. F. Wilkes, Dearborn Chemical Co., had previewed 
the background of Michigan State corrosion problems and 
believed them to be from underdesign and inadequate 
provision for increased flow demands. Specific data on 
adverse effects of dissolved oxygen, CO. and low hardness 
in softened systems should be forthcoming and will be 
most valuable Possibly the addition of the soluble 
silicates might be worth investigation. Mr. Wilkes felt 
the pilot-plant studies now under way should supply 
information conspicuously absent from the technical 
literature. Comprehensive flow rate limits for copper and 
copper alloys as a function of temperature and water 
qualities are to be hoped for from these MSU studies 


ye M. Keyes, Calumet and Hecla, saw as the only 
major drawback to the authors’ test set-up its high costs 
to furnish the quantities of heated water desired. Sealing 
down the tube size, Mr. Keyes observed, with the same 
relative conditions of velocity and temperature should 
reduce the costs. Further the test system represents 
very severe service conditions since the water is made to 
flow continuously with no rest periods. These rest periods 
that occur in practice allow protective filming to form 
on the tubes. As to the actual leaks at MSU the reasons 
were probably insufficient design time to take care of 
peak loads and avoid excessive velocities which are 
beyond those recommended by industry tor copper. 


C. L. Bulow, Bridgeport Brass Co., applauded the 
authors for their decision to use NDHA-AST MM. test 
coupons for monitoring the system. It should establish 
their value in spotting corrosive conditions or tendencies 
and allowing remedial steps to be taken before a system 
is too badly damaged. Mr. Bulow took Graphs One 
through Four from the Obrecht-Quill paper and sum 
marized them in two graphs, one for copper, one for red 
brass using velocity and temperature as coordinates 
From these new graphs he felt it was easy to see the 
dynamic or pulsating nature of the corrosion in these 
tubes. The interplay of various reactions such as film 
solubility could also be observed. The test program of 
Quill and Obrecht, will, it is believed, become a classic 
in the field of corrosion engineering 


High Speed Demineralization 


“Experiences with the High Rate of Flow Deminer 
alization’ was offered by I. B. Dick and P. L. Silliman, 
Consolidated Edison Co. of New York. ‘The decision to 
build a large pressurized water reactor for the generation 
of electricity has required an entire readjustment of 
thinking of water purity and quality, according to the 
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Whereas “‘million-ohm” water has always been 
a good boiler feedwater in conventional 


authors. 
regarded as 
units, it may not be good enough for a stainless steel 
nuclear boiler. ‘Two most objectionable components, 
chlorides and caustic alkalinity, could concentrate even 
from million-ohm water to a dangerous extent. 

The only means of condensate purification available is 
complete demineralization and at Indian Point, dealing 
with some two million pounds an hour, a mixed-bed 
demineralizer installation of at least five 11-ft diameter 
units would be needed, operating at the conventional 
rate of 10 gpm per sq ft. The installed cost is consider 
able, and if 
would represent 


related to a single unit steam generator 


an appreciable percentage of the total 


plant cost. 
With 


sionally contaminated with very small amounts of saline 


very high-quality condensate possibly occa 


rates im excess. ol 


The 


through-put 
order. 


water, operation at 


“conventional seemed in selected rates 
were 100 gpm per sq it 

A cooperative was entered mto with the 
Hlinois Water Treatment Co. to run a pilot-plant test 


results directly 


agreement 
sufficient size to give 
applicable to plant design. A 20-in. diameter (2-sq ft) 
unit Hhinois and was installed at the 
Astoria Edison Co. on main 


im apparatus ol 
was furnished by 
Plant of the Consolidated 
condensate from No. | condenser 

the authors believed they 


certain test results 


1) Flow rates of 100 gpm per sq ft 


From 
could state that 
are feasible and that regeneration in place is feasible 
(2) Water of extremely high quality is obtained, and this 
quality is not affected by the incidental condenser leaks 
High-flow, 


regenerated im place 


encountered normal operations a 
demineralizers can be 


1) Capac itv of the resins for this ope ration 


muixed-bed 
successfully 
is more than ample 

A word of caution seems in order, the authors claimed 
A high flow rate 
from the 


deminerahizer to take full condensate 


condenser must not be regarded as a 


a badly leaking condenser on the linc 


flow 
means of holding 
It is 
nomunal leakage on line until the earliest possible outage 


mdetinitely i means of keeping a condenser with 
time, or a more seriously leaking condenser on line long 
orderly shutdown 

by-pass demineralization of five per 


enough to effect an 
The continuou 
eent of the total condensate has mnproved water quality, 
and has reduced copper and iron values in feedwater to 
as a filming amine in an identical 


about the same extent 


boiler. 


W. J. Singley, Bettis Div., Westinghouse Elec. Corp., 


believed the paper to be a valuable contribution to the 


elimination ol stress corrosion problems im 


leakage 


and 


possible 


stainless steel steam generators Condenser 


is the major source of chloride contamination 


condensate denuneralization 1s only feasible treatment 


The authors’ demonstration of a high quality water in a 


20-in. diam pilot-plant column is a significant advances 


in the applieation of full flow condensate demuneral 


Zation But causts stress corrosion must not be 


ignored. A proper phosphate-pH balance can achieve 


protection from this stress 


A. C. Reents, Illinois Water Treatment Co., saluted 


the Dick-Sillman paper for its contributions to the 
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industry's knowledge. He then concentrated on the 
pressure drop problems through the resin bed. The 
authors’ felt 
against the quality of the effluent. and copper 
Further, the 
large beads reduced exchange capacity. It might be 
desirable then to live with a high pressure drop but 
obtain better mechanical filtration with the 
Mr. volunteered data on 
flow rate studies with a water of higher salt concentration 
than that used by Dick-Sillman. 


solution larger resin beads —-he reacted 
Iron 


removal was not as good, for example. 


smaller 


beads. Reents some high 


M. E. Gilwood, Permutit Co., 
the Dick-Sillman 
namely continuous operation at 100 gpm per sq ft and 


emphasized the difficul 


ties of conditions of operations, 
no prior filtration to remove colloidal iron or copper 
Mr. Gilwood recounted his Company s pilot plant test 
experiences with demineralized water in a recirculated 
closed loop at 50 gpm per sq ft. From a 


of test data Mr. Gilwood recommends a SO-gpmi-per-sq 


ft operating rate with some prefiltration. 


New lon Exchange Techniques 


H. W. Frazer, Infileo, 


Regenerating 


Ine., in paper Special 


Operating and Fechniques for Ton Ex 
change” deseribed the evolution of ton exchange plants 
and the 


equipment to be 


for water treatment typical specifications 


determining the size ol used today 
Phe fundamental tactors affecting modern ton exchange 
materials came im for discussion 

Phe processes and equipment details have muproved 
during the 
iuthor felt, had not 


he 


past 20 vears but basic plant design, the 
In his review of modern material: 
and techniques certam suggested changes 
which he beheved would result ina reduction of equip 
ment costs 

For example, under flow rate, Mr 


specifications limit rate of flow to between 6 and LO gpin 


Frazer stated, usual 


per sqft. Commercial units are now available operating 
at flow rates as high as 21 gpm per sq ft Phese advance: 
should be the 


offered toa prospective buyer 


reflected im usual set of specification: 
In a similar vem such subjects as bed depth and re 
then 


ady ALICE 


veneration per day were covered and certam 


suggested plant designs utalizing these wer 
presented 

M. M. Baker, Commonwealth Edison Co., im discus 
sing the Frazer paper said. “We do not have the 
nor the research ftacilitics to become experts m the field 
of development of ton exchange We should rather 
rely on the Pests from thre 
lacturer s pilot plants the 


manulbacturer 


new materials, the 


new ideas and equipment the user will buy and support 


ino amitial imstallation \Ianufactures hould strive 


they Such standardization 


results in lower costs and imereased sale 


to standardize wher 


J. W. Strub, Fe. 1. du Pont de Nemours & Co., felt the 
Frazer proposal allowed taking full advantage of both 
resin capacity and flow characteristics of ton exchange 
materials and permits desiguing an operating unit for a 
similar result can be achieved for 


single function \ 


the regenerating equipment and thus avoid the problems 


of dual function and comprised design for a single unit 
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B. N. Dickinson, Chemical Process Co., agreed with 
the Frazer comment that flow rates and overall per 
formance of ion exchange plants can be stepped up 
He cited certain experiences of his own company and 


the corroborating evidence they uncovered 


M. E. Gilwood, Permutit Co.. echoed the sentiments ol 
the other discussors and agreed with the Frazer con 
tention. He questioned, however, the externally — re 
venerated ton exchange arragement portrayed by Mr 
Frazer in his suggested plant design. Gilwood belt ved 
conventional “regenerated in-place ion exchange 
plant of a size to meet the Frazer sugye sted one would 
cost 25 per cent less than Frazer transferred resim 


type illation 


Handling and Feeding Chemicals 


\ full afternoon was given over to a panel on handling 
iid feeding chenneals to water treating equipment 
Phe panel members broke down the genet il subject 
inte five categories and made their contributions as 


follows 


Handling and Feeding Acid to Demineralizers 
by T. P. Harding, Omaha Publie Power 
District 

> Handling and Feeding Caustic Soda to Demuner 
ihizer by Ivan S. St. John, KE. 1. du Pont de 
Nemours & Co 

Handling and Disposal of Water Treatment 
Wastes by E. G. Paulson, Hall Laboratories 
Div.. Hagan Chenneal and Controls, Ine 


| Handling and Feeding Chemical Solutions to 
Clarifving and Softenmy Equipment by 
J. E. Starry, National Aluminate Corp 

’ Handling and Feeding Dry Chemicals — to 
Clarifving and Softenmy Equipment by 


J. F. Wilkes, Dearborn Chemical Co 


Phe individual papers were all good, detailed and 
undoubtedly a primer on this subject 


ie largely compilations of proved safe practices and 


Since the papers 


ince the Engineers Society will publish the proceedings 
in full we shall not attempt a paper-by-paper abstract. 


Field Testing lon Exchange 


Field Testing of Ton Exchange Materials” by F. X. 
McGarvey, R. Kunin and N. Frisch, Rolim & Haas Co., 
desertbed) an attempt at obtaining field data on 
exchange materials torrowimg from corrosion testing 
procedures an analogous arrangement ol a basket 
contamer was devised \ small sample of exchanger ts 
placed in a sereened basket and the basket is suspended 
in the bed of an existing and operating commercial ton 
exchange installation. Samples of the resin are pertod 
ically withdrawn and evaluated by standard test) pro 
cedures techmique is. deseribed quite fully and 
has been tried for both anton and cation resins im mans 
installations. Then the results from the on-spot tests 
were compared with the same resin contamed im the 
bed proper surrounding the basket. Data compartsons 


to date were held to be most encouraging 


G. 3 Crits, Cochrane Corp., accepted the idea that 
this “basket testing technique’ enabled a side-by-side 


46 


study of many different ion exchange resins under field 
conditions but he held that it suffered because of the 
drawbacks inherent in any accelerated test. These 
drawbacks as Mr. Crits saw them were |) each basket 
is fed by an undetermined quantity of water which it 
would appear 1s a function of the basket design and the 
manner of its installation, (2) the resin samples in the 
baskets may be exhausted in the first few hours of 
operation of the large unit. Therefore the resins are 
being contacted by large volumes of water in the ex 
hausted state. On the other hand, the basket samples 
tay be regenerated with many times the normal amount 


ol regenerant 


R. J. Cooley, Chemical Process Co., saw the technique 
as an intermediary step between accelerated bench 
scale testing and pilot) plant evaluation. His sug 
gestion Was to place all the resins involved in baskets to 
achieve truly parallel results. There is always a ques 
tion, he felt, as to whether a confined resin 1s under 
going the same 1on exchange experiences as the outside 
free bed In parallel experiments location of the baskets 
is of little importance as long as all are placed essentialls 


in the same zone 


Understanding lon Exchange 


L. F. Wirth and A. M. Fradkin, National Aluminate 
Corp., in their paper, “Developments in the Under 
standing of Ion Exchange’ stressed that much of the 
excellent: progress in the practical applications of ton 
exchange resins has been prompted by a willingness to 
meet the problems. As an example the authors cite 
the advent of higher cross-linked cation exchanger for 
certain oxidizing conditions causing degradation of the 
standard resins 

Phe paper devoted itself to brief recounts of various 
other developments. The styrene story Was 
featured. Some mention was made of the problems 
the nuclear field and supercritical boiler pressures were 
creating Phe authors urged that out of all these 
studies a correlation of field observations with laboratory 


techniques should be emphasized 


Russian Practices 


“Russian and Eastern European Water Treatment 
was presented by V. J. Calise and W. A. 


This paper is 


Practices 
Homer, Graver Water Conditioning Co 
the result of an attempt to survey water treatment 
practices in Russia and Kast Europe. In preparing 
this paper. the authors had available four sources ol 


formation 


a Phe technical literature from Russian periodicals 
almost all of which required original translation 
and review for preparation of this paper 
More than 150 literature references were 
reviewed, of which approximately 30 technical 
articles were translated into English. 

b) Information from American and other visitors to 
Russia such as Andrew Kramer, editor of 
Atomics, Power Ingineering,; Shelton Fisher, 

ft Power; British electric power 


publisher 
engineers) report on their visit in and 
others 

c) Information directly from Russian experts and 
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authorities in this field. Direct communication 

was established with A. Pavlenko, Soviet 

Minister of Power who visited Montreal, 
Canada, in September 1958S for the Canadian 
World Power Conference. 

d) Personal visit to Russia originally scheduled in 

time for this conference but delayed due to 


press of ot her business. 


However, the technical literature and reports from 
visitors to Russia provided the main sources of informa 
tion Although excellent COOPE ration was received from 
Soviet authorities when preparing questions to be 
answered by technical experts in the USSR, this informa 
tion was not received in time for this paper 

In summary, it should be made clear that) Russian 
feedwater treatment practices in the past have been 
influenced a great deal by German and West European 
practice. As W. Cerna pointed out im his paper im 1947 
such practices involved use of multi-drum, multi 
Stage evaporators with so-called steam transformers to 
maintain the purity of feedwater to the primary boiler 
drum, starting off with generally poorer quality makeup 
Phe consequence of this has been for Russian and German 
power plant engineers and designers to accept consid 
erably increased first costs in order to make certain of 
high feedwater purity and steam purity at key points 
in the cyele, notwithstanding the generally poor quality 
of makeup water supplied to the cycle 

Phe recent imtroduction of 1on exchange demuineraliza 
tion of the relatively high per cent makeup (5 10 per 
cent vs. 0.51 | per cent U.S.) will probably alter Russian 
thinking in use of multi-stage evaporation units and 
will probably reduce first costs in power plant design 
Condensate scavenging has not been at all practiced or 
worked upon to any degree in Russia. Further, there 
is evidence of multi-bed train unit operation (up to 4 


Pipeline Transportation 


Industry, aided by research, will find imereasing uss 
for pipelines engineered to carry sohd particles mixed 
with air or water This is the prediction of Edward P 
sallinger, a mechanical engineer at Battelle Memorial 
Institute, im an article on transport appear 
ing im the October issue of the Battelle Technical Review 
Materials which have already been moved in liquid 
mixtures have included coal, grain, sand, drilling muds 
and salad dressing, according to the specialist at the 
Columbus, Ohio, research center. Conveyed in gaseous 
mixtures have been pulverized coal, powdered cement 
grain, wood shavings, cinders, sand, small rocks 

Chemical and petroleum industries have been the 
most frequent users of solid-fluid conveying, Ballinger 
observes. Distances involved have usually been less 
than a few thousand feet, but two examples involve 
mules of pipeline About 700 tons a day of gilsonit 
an asphalt-lke mineral, is moved 72 miles by pipleine 
from a mine at Bonanza, Utah, to a plant near Grand 
Junction, Colorado. The mineral is) pulverized and 
mixed with water, as 1s coal for a 1OS-mile pipeline from 
mines near Cadiz, Ohio, to an Eastlake, Ohio, plant 

Phe petroleum industry, to transport catalysts, in 
troduced the use of gaseous mixtures with dense solids 
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units in series) on demimneralizers for makeup treatment 
but no work at all on mixed-bed demineralizers. The 
authors point out that nowhere have they seen a better 
illustration of the contribution that could be made by 
progressive water treatment engineering designers and 
power plant chemists, experienced in the latest processes 
and techniques of ion exchange practices 

Phe absence of a firm, well-informed power plant 
chemists fraternity such as the EEI, ASME, Joint 
Research and ASTM groups to set up standards of 
equipment performance and operation is clearly visible 
in the scattered operating data available in the literature 
The authors then commented on general industrial 
water treatment practices, municipal water treatment, 
and gave a breakdown of treatment practices by process 
and equipment 

As an example of the coverage the authors give we 
quote: “Tn the area of deacrator design and performance, 
Russian practice iidieates a sad lack of appreciation ol 
the need for oxygen reduction to values under 0.005 
ml liter im view of their many other water treating 
problems Phe amazing vanety and versatility of 
American deaerating heater designs (spray, tray, 
spray tray, atomizing, bootstrap and cascade) and 
practices 11 central station plants and madustrial plants, 
is nowhere found im Russia, Mast or West Europe or 
clsewhere in the world 

“Water spray unit and distribution unit) designs 
appear to be limited im form and coneeption 
concepts ol lower partial pressures and free fall over 
many weirs and edges in a pure steam atmosphere. so 
effectively employed in tray and spray tray heaters im 
the U.S.A. isnot found in Europe and Russia 

Despite the widespread use of thermal deacration 
and the dependence of high pressure boilers on oxygen 
free water, no major research im deacration or testing 
of current designs took place in Russia until 19535 


Held a Certain “Comer” 


Sallinger uses the term “dense phase conveying to 


include mixtures with ratios of LOO parts solids to one 
part air, by weight Ratios may runoas Ingh as 9000 te 
one, and delivery of 200 tons of material an hour is not 
unusual. Numerous systems are also bemg used tor 
low-density mixtures with up to 20-to-one ratios of solid 
thatter to ay advantage of pneumatic transport 
is the absence of moving parts, Ballinger notes, although 
abrasive solids can erode the walls of the Pipes COntaMInY 
them 

Phere are no “elegant, theoretical Olutions to design 
problems for pneumatic transport, says the Battelle 
engineer, but investigators have found a number ot 
Huportant factors governmyg results Phese melude 
the velocity, density, and viscosity of the transporting 
medium; size, shape, density, and roughne ol the 
particles; and diameter and roughness of the conduit 
Particles may progress with a bounemg action, colliding 
with conduit: walls and rebounding, or they may be 
uspended in the flow of gas. Motions of extremely 
mall particles are affected by collision with air molecule 

Many attempts have been made to obtain a general 
equation for the loss of pressure imside a pueumiatye 
transport conduit, writes Ballinger 
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Here’s The Inside Story On The New 


S-E-CO. Coal Valve 


Strip the ‘y” steel skin off our new coal valve and you'll quickly see why you get 


more when you buy S-E-Co, 


First, notice the deep U-shaped gate, which completely shields rollers, racks and 
pinions trom coal tlow. See how the gate provides lap closure on all four sides 
assuring positive cut-off. Also, note the stainless steel liner on top side of the gate 


to combat corrosion. 


Caretully tormed ladder racks, tor their part, are self-cleaning having no root portion 

in which coal dust can build up and cause jamming. The multi-faced pinions, located 

above the racks, are also of selt-cleaning design. Consequently, the gate moves smooth- 

ly with little efttort, even after long periods of not being operated. 

Notice the clean interior design. Slopes have been kept at a maximum with shoulders 

and projections eliminated. Even the poke hole covers tit flush with the inside of the 
valve body so that nothing interferes with flow 
ot coal through the valve. 
For a complete list of all the outstanding fea- 
tures of the new S-E-Co. Coal Valve together 
with installation photographs and dimensions, 
write for Bulletin No. 97 


STOCK Equipment Company 


745-C, HANNA BLDG., CLEVELAND 15, OHIO 
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ast month COMBUSTION reported on the Annual 
Meeting of the ASME held at the Hotel Statler and 
the Hotel Sheraton-McAlpin New York City the 
week of The following papers are ab 
stracts from that same meeting which we did not carry 


December | 6 


before because ol space limitations. 
Corrosion Control 


Phe need to know where we stand before launching 
any heavy control project prompted the paper “Gaps in 
our Knowledge on External Deposits and Corrosion in 


by Bertrand A. Landry, 


The author's organization 


Gas Turbines” 


and 
\lemorial Institute 


Boilers 
Jattelle 
has recently « omple ted a survey of the available informa 
tion on external corrosion and deposits in boilers and gas 
ASALE Special Committee on Corrosion 
This paper is a 


turbines for the 
and Deposits From Combustion Gases 
part of the extensive report submitted to the Comimittec 
areas Wherein no literature or recorded 
Phe author poses many challenging 


and stresses the 
information exists 
questions in pomting up the gaps in our knowledge 
For example, he queries if deposition is unavoidable, can 
the corrosive effect of deposits be reduced through the 
metal field of new. alloy 


development is so huge that there is every assurance that 


selection of surfaces? The 
allovs can be found which will have the needed mechanical 
The challenge here 
is one of cost; but the chances remain good, particularly 


properties and corrosion resistance. 


for structural members that are not water or air cooled 


A promising area for corrosion resistance is that of 


metal surface coating. This cannot be said to have been 
successful, so far, in boiler or turbine applications, but so 
many techniques and so many types of coatings are now 


available that 1t would be surprising if none was success 


Reading from left to right, E. L. Robinson, General Electric Co., elected to 
Howard Coonley, Walworth Co., also a new honorary 


honorary member, 
member, and W. H. Armacost, Combustion Engineering, Inc., 
the ASME Medal 


recipient of 
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ASME Annual Meeting Highlights—Il 


ful. 
One aspect of the metallurgical problems associated 


Effort in this direction would seem to be justified 


with deposits and corrosion that must be kept in mind is 
that of the compatibility of additives to fuels with the 
metals that they may come in contact with 

normally ash 


Because boilers and turbines are 


collectors, there has been little hesitaney in 


poor 
the use ot 
additives, to combat specific nuisances such as vanadium 
compounds and SOs, because the boiler and turbine could 
be relied upon not to retam too much of the additive 
However, this has not always been true, and certain addi 
tives, while reducing corrosion effects, have added to de 
posit problenis, Special attention, through the use of 
the proper research equipment, should be given to the 
complete behavior of additives so as not to solve one 
problem at the expense of another 

Although the specific effeet of additives seems to have 
been well explored, there is probably further research to 
be done im this direction An important aspect ol the 
use of additives is the method by which they are added to 
the fuel 
development of oil-soluble additives for reaction wath 


For gas turbines, a possible approach is the 


vanadium. However, these may be costly Lhe 


possi 
bility of incorporating a water-soluble additive with the 
oil should not be overlooked if the additive can be shown 
to be equally effective. The 


amount of water solution in the fuel oil supplied to a gas 


presence obo oa certam 
turbine is beneficial to the cycle, if this water does not 


interfere with pumping, atomization, and combustion 


Phis is not true of boiler-fired systems, but better distri 
bution of the additive might be achieved im this way, at a 
shght thermal loss 

As to the introduction of fine solid additives in the gas 


stream of boiler furnaces, the art seems to be still in rela 


In the usual order O. B. Schier, secretary of the ASME, Philip Sporn, Ameri 


Service ind Gas 


and F. P. Fairchild, Public Electric 
Co., get together before the Fuels Division luncheo 


can Electric Power Co., 
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tive infaney, and applied research will probably be re 
quired to smooth out this operation 

Phe author employs much the same handling in his 
treatment of acid in gas, the advantages of models and 
other areas of interest 


Still another paper in this general area of interest 
Shot Cleaning Its Development and Use for Cleaning 
Economizers, Tubular Air Heaters and Applicable 
toiler Sections’ was presented by R. C. Chappell, 
Diamond Power Specialty Corp. and R. C. Meyer, 
Philadelphia Electric Co. and appeared in fullin December 
on pp. 30-45. Its subject matter falls within the scope of 
ways to remove corrosion or deposits from metallic 


surtaces 


Still another candidate im considering suggestions on 
corrosion control was the paper “A New Look at 
Specialized Refractories as Maintenance Tools” by 
Roy W. Brown, the Carborundum Co 

his study of super refractories for maintenance 
purposes 1s directed essentially toward the specific vet 
general problems of wear and corrosion. It is also con 
cerned with product properties of thermal conductivity, 
abrasion resistance, hot strength, thermal shock, impact 
resistance, and chemical mertness 

Phese nonmetallics, Brown cautioned, should not be 
looked upon as a group of heat-resisting materials. Nor 
do they possess precise properties in the sense that a 
Neither do they offer any 
predthine cu because drawbacks sometimes go hand in hand 


specific alloy 1s precise 


with their useful) properties. Acceptance of — these 
negative factors leads to a clearer understanding of the 
positive product qualities; diverse applications; range, 
complexity, and limitations of shape design; and subordi 
nation of heat resistance to other characteristics. 

Phe nonmetalhes covered herein provide a far greater 
range of thermal conductivity from insulation to 
conduction than any other class of material 

While cast tron and alloy steels are exceptional heat 
conduetors, this ability decreases as temperatures rise 
Moreover, use limit is approximately 1500 FF. Ceramic 
bonded silicon carbide, usable to about 3000 F, has a 
conductivity that is virtually a straight-line curve from 
105 Btu per hr per sq ft and deg F per in. of thickness 
at 1000 F to 112 Btu at 2900 F. A rough measure 1s 
about eleven times that of fireclay and 70 per cent that of 
the chrome-nickel steels. 

Where slag accumulates on boiler-tube facing, it 
reduces efficiency and, under certain conditions, attacks 
the facing Fireclay doubtless would resist attack, but 
with its low heat conductivity actually insulates the 
tubes. A high conduetive silicon-carbide facing de 
creases the possibility of reaction and gives maximum 
heat flow Any slag that might adhere can be barred off 
with case 

There are instances in industry where moderate to 
high temperatures are the only problem. A conventional 
natural-gas-fired boiler is illustrative. For the most 
part, however, high temperatures inevitably are coupled 
with molten slags, metals and fluxes, and corrosive 
fumes 

Specialized refractories, as a general class, are far 
more resistant to these types of corrosion than are the 
refractories made from Nature's raw materials. This 
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greater resistance is imparted largely by the crystalline 
grog; crystals are formed at extraordinary temperatures 
lessening any tendency to change shape or go through a 
conversion phase at lower temperatures. 


Water Treatment 


In the medical sciences, Douglas E. Noll, Hall Labo 
ratories, reported there is a subdivision called “gert 
atrics’’ which is concerned with the diseases of old age 
in humans. In the title of this paper, “Thermiatrics, 
the Diseases of High-Temperature Boilers’ there ap 
pears a coined word “thermiatrics’’ which Noll defines 
as the study of the afflictions of boilers operating at 
high temperatures It was used here because its analogy 
to geriatrics help introduce the subject 

The term “high temperature’ is used advisedly be 
cause it is the factor that 1s particularly significant im 
most of the developments that lead to tube failures in 
high-pressure, central station boilers. The disease ot 
high-temperature boilers are those associated with the 
formation of iron oxide in areas of high heat transfer 

In an operating boiler between the furnace gases and 
the bulk of the boiler water, there is a temperature dit 
ference on the order of 2000 F which produces a flow of 
heat through the tube wall. After the boiler is put in 
operation and the oxide layer begins to grow the share of 
the temperature drop taken by the oxide must steadily 
increase with a corresponding increase in the temperature 
of the tube metal. The hotter the metal becomes, the 
faster it will build upon the oxide layer on its inner 
surface in contact with the steam-water mixture as well 
as upon that on its outer surface in contact with the fur 
nace gases. 

Fortunately, except for a few critical locations im a 
relatively small percentage of high-pressure boilers, the 
oxide film on the inner surface of the tubes apparently 
remains a more effective barrier to the migration of iron 
than it is to heat transfer. Those extreme cases of over 
heating which result in metal creep, regardless of condi 
tions on the inner surface of the tubes, are outside this 
discussion. The critical range of temperature generally 
not exceeding 1000 F requires attention. It would cer 
tainly be a great stride forward, the author contended, 
if it were possible to define the conditions that © use the 
oxidation process to ‘go critical.” 


C. M. Loucks, Dowell Div., Dow Chemical Co., E. B. 
Morris, American Electric Power Service Corp., and 
E. A. Pirsh, The Babcock and Wilcox Co., presented 
the valuable story of “Organic Acids for Cleaning Power 
Plant Equipment.’ The organic acids which have 
been of particular interest for cleaning operations are 
those in crystalline solid form which may be packaged 
with ease and used with the minimum of danger to the 
user and the equipment. Oxalic, citric, and tartaric 
acid, and the acid salts such as sodium and ammonium 
acid citrates are well-known agents for dissolving rust 
and seale. Crystalline inorganic acids and acid salts 
such as sulfamic acid and sodium acid sulfate, for ex 
ample, also have been used for the same purposes 
For large-scale operations, involving power-plant equip 
ment, inhibited hydrochloric acid is widely used. It is 
readily available at low cost and is suitable for most 


Cases 
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The need for cleaning surfaces was recognized in the 
early design stages of the supercritical-pressure steam 
generator for Unit 6 at Philo. However, the available 
building space predicated a design which prevents com- 
plete drainability. Also, the final superheat tempera- 
ture of 1150 F necessitated the use of austenitic material 
in the secondary superheater. These two factors required 
a strict appraisal as to the suitability of hydrochloric 
acid for the cleaning of this steam generator. It was con 
cluded that the design permitted acid to be introduced 
into and removed from all the regions of the steam gen 
erator which would require cleaning. Further, that the 
fear of the effect of hydrochioric acid on the austenitic 
material could be eliminated by maintaining the sec- 
ondary superheater full of condensate and utilizing the 
superheater bypass as a solvent return line. Despite 
these conclusions, it was recognized that other acids 
might be available which would offer a greater degree of 
safety in the event of some unforseen incident during the 
Accordingly it was de 
cided to investigate other acids. Sulfuric acid was re 
jected since the commercial inhibitors available did not 


cleaning and rinsing operations. 


provide sufficiently low corrosion rates for all the alloys 
involved. Thinking then proceeded toward the organic 
acids 

Perhaps the most significant conclusion is the fact that 
for a special chemical-cleaning situation organic acids 
have been used successfully. The less expensive mineral 
undoubtedly will the “work 
chemical cleaning maintenance service. 

The whole tield of the use of chemical solvents for 
large-scale maintenance operations is in its infancy. To 
the chemist and the chemical engineer it 1s a relatively 
new special field and it is full of challenging problems and 
opportunities. Much work needs to be done with just 
the two acids discussed in the paper. The chemistry of 
citric acid and ammonium citrate needs further investi 
Preliminary with addition of hydrazine 
citrate, which 1s a reducing agent, have shown interesting 


acids remain horses” of 


gation. trials 


\lso, the properties and conditions of use 
Perhaps formic 


possibilities 
of fornue acid need further attention. 
acid could be used in low-pressure steam as a cleaning 


And 


dozens of other materials; acids, alkalies, reducing agents, 


medium. This possibility is being investigated 
oxidizing agents, chelating agents, surface active agents, 
inorganic and organic salts are some of the types of sub 
stances that offer interesting properties to the investiga 
tor 


I. B. Dick and P. C. Fritz, Consolidated Edison Co., 
collaborated in the report “Experiences With Cyclo 
hexvlamine im the Condensate-Feedwater Systems of 


High-Pressure Boilers Five years of experience with 


evelohexvlamine in two 900-psi boilers, over a year in 
two 1750-psi boilers and about 6 months (at time of 


Within the 


years, some improvement in cleanliness in the 900 


writing) in a 2O020-psi boiler are reported 
past 2 
pst units seems discernible, but to date 1s not conspicu 
ous. Deposits removed from wall tubes by turbining 
have decreased materially. Iron and copper concentra 
tions in feedwater have been reduced to low values. Some 
improvement in heater cleanliness is attributed to the 
amine treatment. Conclusions are that cvclohexylamuine 
treatment imposed on boilers after a period of several 


vears of operation did reduce iron and copper concentra 
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tions in feedwater within 6 months; that visually im- 
proved boiler cleanliness did not appear for 3 years and is 
not pronounced even after 5 years; that some improve 
ment in feedwater-heater cleanliness may be expected; 
that no harmful results have been experienced; that cost 
is very small; and that, all factors being considered, the 
treatment should be continued. 

During the period that amine treatment has been in 
use at the Arthur Kall Station, routine tests for ammonia 
have been made at the various locations in the feedwater 
Except for the high concentrations that occurred 
the deaerator was out of 
service, the ammonia concentrations have been essen 


evele. 


while the vent condenser on 


tially zero at all sampling points with occasional values 
occurring up to 0.04 ppm at the deaerator storage tank 
and bleed heater pumps, and up to 0.06 ppm at the re 
claim tank. Since the retubing of the vent condenser, 
ammonia concentrations have been zero. On the basis of 
these tests, evclohexylamine appears to be stable under 
conditions prevailing at this station 

Routine tests have been made at the superheater out- 
lets of the two 1750-psi boilers since the amine treatment 
was introduced and the results show concentrations rang 
ing from 0.30 to 0.60 ppm 
recently at the aftercooler of 
sociated with the 2020-psi boiler and ammonia concen 


A-few tests have been made 
the evactor system as 
trations have been obtained ranging from 0.20 to O40 
ppm. 


G. L. Hopps, M. E. Getz, and A. A. Berk, Bureau ot 
Mines, deseribed “Trace Concentrations of Octadecyla 
mine and Some of Its Phe 
use of octadecylamine im Federal heating systems as a 


Degradation Products 


filming treatment to control return-line corrosion has 
been indifferently successful in comparison with results 
reported by industry. This paper reports the initial 
testing toward developing basic information on the film 
ing treatment with the object of improving its effective 
ness. “The problem was complicated by the disclosure 
that octadecylamine is unstable in a heating system, the 
principal degradation products bemg dioctadeeylamine 
Three analytical procedures are ce 


and ammonia. 


seribed as used in the survey testing. A bromophenol 
blue colorimetric procedure determines amine nitrogen 
in both The 


secondary and primary amines are differentiated by two 


octadecylamine and dioctadecylamune 
nonaqueous titrations, for one of which the primary amine 
is sequestered by low-temperature reaction with salt 


evladehyvae is) determined colorimetrically 


by a phenolate procedure that does not develop the tur 
bidity so frequently encountered in nesslerization 

As for plant experience, the first and most complete 
survey was made ina plant operated at 100 psig, with an 
steam load of 670,000 Ib. The 
daily makeup was only about 2 per cent and the makeup 
that 
very favorable for observing the effeets of mereasing and 


average daily average 


was essentially ammonmia-free, so conditions were 
decreasing octadecylamine dosage on the ammonia com 
tent After 
continuous myection into the ¢ xport steam ol 
the 
ranged between 1.5 and 2 ppin 


resulted in 


of the steam and condensate 3 months ot 


an average 
dosage of about | ppm, ammonia concentration 
A subsequent imerease 
in octadecvlamine dosage a corresponding 


increase of ammonia in the system and the trend was re 


versed when the dosage was decreased 
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N. L. Dickinson, W. A. Keilbaugh, and F. J. Pocock, 
Phe Babcock & Wilcox Co., offered as their paper, “Some 
Physico-Chemical Phenomena in Supercritical Water. 
Phere has been a continued demand on the part of the 
The knowl 


be ob 


electric utilities for lower station heat rates 
that efficiency could 
tained by increasing the operating pressure and tempera 


increased cycle best 
led into an intensive study of the problems involved 


pre eT 


ture, 
supercritical pressures 
European and past that 
water conditioning and control would constitute the basic 


m generating steam at 


experience imdicated 


criteria for successful continuous operation of a once 


through supereritical unit, since most of the impurities in 
the feedwater would be available for deposition within 
the steam generator and the turbine lo investigate the 
fecdwater-purity requirements for units of this type, a 
authors’ company re 


pilot plant was constructed at the 


earch center im 1952. During the operation of this 
test umt under varying conditions for the past 6 years, 
several phenomena were observed Iwo of the more 
interesting of these phenomena are the subject of this 


pauper Pest operation with regard to waterside deposi 
tion is Summarized briefly and a theory presented to ex 
plain the location of some of these deposits In add 
tion, data are presented which show the partial dissocia 
tion of water when throttling for sampling from high 
pressure 
Satisfactory once-through supereritical boiler avail 


was obtaimed using commercially feasible water 
treatment Since the 


water conditions and their resultant effect on long term 


ability 
methods possibility of improper 
operation must be considered, an investigation was made 
to study this effect 

\s a result of this imvestigation, a theory with sup 
porting data has been presented explaining the location of 
feedwater contaminant deposition in the eritical region 
Phe theory states that the line of constant specific volume 
eritieal sochore) which passes through the eritical poimt 
oa Pel 
of hquid-lke and gas-lke properties, and that dep 
osition occurs at the loci of poimts defined by the eritical 


diagram divides the supercritical region into 


hore 

Phe use of valves for throtthng samples from high 
pressures was found to produce dissociation of water 
Phis phenomenon can lead to errors in determining the 
true values of oxygen and hydrogen and should be con 


sidered when designing sampling systems 


Lawrence and R. J. Ziobro, Griscom-Russell 
“An Evaporator Vapor 
Phe 


shown that evaporator vapor may be pro 


H. R. 
Co., presc nted a paper entitled 
Lest 
results have 
duced contaming less than LO parts per billion total dis 
solved solids flows It 
ilso been shown that a maximum level increase of 5 in. 
which is more than adequate for displacement-type 
controllers) will not adversely affect the vapor purity if 
the splash bathle has been located properly The results 
also have shown that excellent purity may be obtained 
without the use of a moisture separator although a simple 


Purity ing the Sodium Tracer Technique 


over a wide range of vapor has 


centrifugal separator provides great protection agaist 
during abnormal The 
mesh-type separator, while of great interest in other im 
dustries, does not appear to offer sufficient advantages 


severe carryover operation 
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over the less expensive centrifugal separator to justify its 
use. In fact, the failure of the mesh to prevent severe 
carryover during abnormal operation would, in the au 
thors’ opinion, seriously limit the use of the mesh in high 
purity applications. Normal turbine load changes have 
only a small effeet of short duration and do not measur 
ably hourly rhe data have 
shown that the use of a splash baffle effectively aids in 
changing 


increase also 


averages. 
reducing vapor-purity variations caused by 
turbine loads 

Other tests and field reports have shown that lower 
purities may be encountered during low-load operation. 
It is the authors’ belief that fog generation is the most 
probable cause of lower vapor purities at low loads and 
that excellent purities at such loads can be obtained if 
the level controller is adjusted to keep the tube bundle 
completely submerged. 


One Utility’s Experience with Filming Amines” was 
the subject of John P. White, Arkansas Power and Light 
Co Briefly stated his experience with 
filming amines indicates that it 1s another tool to be 
protection In the 
station where it was first that the 
system is well protected and the cost is somewhat less 
than through the use of other methods. Operation 1s 
At the other stations sufficient time 
although it 
other 


company s 


used in boiler-feedwater system 


tried indications are 


certainly simpler 
has not elapsed to give the final 
the results will 
treatments lo date the filming amine has given better 
protection from copper pickup than either neutralizing 
Che filming amine in the 100 


appears be competitive with 


amines or no treatment, 
Mw unit has not proved quite as effective at climmating 
iron pickup as the neutralizing amine but this may be 
due to out the 
fecdwater the 
stage of clean-up, iron pickups are much less than ex 


time to clean condensate 


completely 


insufficient 
system Even present 
perienced with no treatment 

Che use of filming amines is not without its problems 
It has a cleaning action and a tendency to bind iron and 
copper oxides into a sticky substance on the low-tempera 
ture part of the system. ‘This may not be a bad teature 
since usually this is the easiest portion of the system to 
as a means to collect and remove 
into the 


clean, and this serves 


these oxides from the eyele before they get 


boiler 


Flame Failure 


Ross Forney of Forney Engineering Corp., speaking in 
the Flame Failure Symposium said in his talk, ““Compat 
ibility of Flame-Failure Equipment With Boiler Con 
trols,’ that the thesis he wished to present is a simple one. 
Namely, if the manufacturer of flame-failure equipment, 
design engineer, construction superintendent, plant 
operator, and maintenance foreman each does his job 
properly, there will certainly be compatibility of flame 
failure equipment with the boiler controls. Each mem 
ber of this team is dependent on the other and each must 
carry his share of the load. Failure of one member spells 
ultimate with the flame-failure 
In this area of power-plant operation, a mistake by one 


member is very difficult to compensate for by the other 


dissatisfaction device. 


members. 
No one will dispute the desirability of flame-failure 
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equipment, but experience to date indicates more thought 
and planning must go into its application. There are 
several stages at which the flame-failure system can be 
crippled to such a point its usefulness is compromised 


W. F. Lange and John Dunn, Peabody Engineering 
Corp., teamed to present “Application of Existing Flame 
Protective Equipment to Oil and Gas Burners.’’ They 
began with the observation that flame-protective de 
vices presently are used as burner safeguards by scanning 
and proving pilot-igniter flame and main-burner flame 
Much has been written covering the low-capacity, single 
and dual-burner application and the authors believed 
satisfactory performance in this category is a matter of 
record. This paper limited itself to the use of flame 
protective equipment on multi-burner large central-sta 
tion and industrial-boiler installations but did not dis 
cuss the design and circuitry of the devices themselves 
and covered only the photoconductive type of units the 
authors held as in most general use. 

Their most pungent statement was: ‘There are 
different ideas in regard to the function of flame-protec 


Many 


tive equipment; how it should be installed and its capa 
bilities. One of the greatest needs of industry is a set of 
standards covering its installation and use, and stating 
just what such equipment can be expected to accomplish 
and what it cannot accomplish in way of protection. 
“At the 
equipment, to a large degree, determine what 1s furnished 
It is true that there are certain insurance 
standards, but these seem to be de 


present time individual suppliers of control 


to the user 
company tentative 
ficient in many major respects and are interpreted differ 
ently in different geographical areas 

“One advantage of uniform standards will be that the 
supplier, who puts in all he feels is really desirable in the 
way of protective equipment, can pomt to these stand 
ards and will not so readily be penalized in competition 
with someone else who is less particular in regard to what 
he furnishes 

“At the present time the burner manufacturer who fur 
nishes flame-protective equipment, must supply a cus 
tom engineered job in accordance with a specification of 
ten incomplete and with little hope that it will be fully 
If it isn't, he 1s left “holding the bag’ on sery 
ice and the expense incurred in making a job work to the 
intent rather than the written specification. Standards 
should not only cover the capabilitics of the protective 


effective 


equipment and its use for various classifications of boilers 


and burner groupings, but also indicate responsibility 
areas in event of improper functioning 

“Tn the present state of the art, 1t does not appear that 
for multiburner high-capacity installations, available pro 
tective equipment can substitute for an inherently stable 
fuel burner and a vigilant supervising boiler-room opera 
tor. 
installation of 


burner, high-capacity jobs, is to assume that it can never 


One of the biggest hazards in connection with the 
flame-protective equipment, for multi 


fail to function properly and to place complete dependence 
upon it to the exclusion of proper operator supervision 
Phe 


pends on periodic inspection of electronic components as 


success of any flame-protective application dé 


well as a maintenance program for the mechanical equip 
ment with particular reference to the fuel shut-off valves 
to insure positive shut-off on demand. 
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J. B. Smith, Factory Mutual Engineering Div., dis 
cussed the ‘Need for and Requirements of Flame-Protec 
tion Equipment for Oil —Pulverized Coal.” As 
Mr. Smith stated, larger boilers and correspondingly 
more severe boiler-furnace fuel explosions, manual light 
ing-off by remote control, and automatic lighting-off 
are three current trends in large boiler installations, 
such as the public-utility type, which increase need for 
flame-failure protection equipment. Two criteria for 
direct and continuous measurement of the ftuel-explosion 
hazard, utilizing instruments available today are (a) 
pressure or absence of normal flames, and (b) concentra 
tion of combustibles and oxygen in the flue gas 
were: (1) Neither the 


flame-sensing nor the gas analyzer instrument available 


The conelusions of the author 


today satisfy our criterion of fuel explosion safety for 
large boilers to the needed degree for all fuels and all 
firing conditions. (2) He believe | the 
results would be realized from a combination of flame 


most promiasmyg 
sensing and gas-analyzer devices, with trip of total fuel 
to be activated only when both types ol devices agree 
that the furnace 1s in serious danger. ‘This is what he 
would recommend for flame failure protection for large 
boilers of the utility 
capable of identifying individual lighters, and mdividual 


type. 3) Flame-sensing devices, 


main burners, at low ratings, are recommended tor 


boilers with remote or automatic hehting- off 


Pumps 


Phe story of “Thermal and Economie Consideratons m 
the Appheation of Hydraule Couplings for Boiler Feed 


was presented by T. J. Whelan, Stone 


whether 


Pump Drives” 
and Webster Engineering Corp., 
hydraulic couplings should be 


to determine 
mstalled for variable 
speed operation of boiler feed pumps, as compared to 
coustant specd Ope ration, im Steam-electru power station, 
the power saving obtained with variable speed operation 
is olten considered to be a major factor im justubying: the 
additional 


paper attempted to show that when the effects of constant 


investinent for hydraule coupling: 
and variable speed operation on the feed-heating cycle 
and the value of the 


in predicted annual fuel costs 1s 


are considered, present worth 


difference taken imte 


account, the net power saving with variable speed 


operation contributes comparatively little, i anything, 
toward the justification of additional miatial mvestiment 
for hydraulic couplings Phe justification of additional 


hydrauh therelore, 


wutial amvestment for couplings, 
rests principally on the 


costs will be reduced and the life of equipment extended 


expectation 


Phe author advanced arguments that (1) the net 
power saving with variable-speed boiler teed pump 
driven through hydrauhe couplings by constant speed 
motors, as compared to constant-speed pumps, 


than the difference im motor imput 
requirements, and may even be a loss at or near maxinun 
load; 2) the fuel 
affected usual steam 


clectru 


appreciably less 


value of the resultant avings 1 
adversely by the nature of the 
load-duration data. Por 
erator units larger or smaller than the capability 
unit used in the example, or having miatial steam pressure 

other than 2520 psig, the change in teed- pump efhicienes 
and in the eyele efficiency from the boiler feed pump to 
and the relationships of 


station turbine yen 


the condenser would be small, 
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the net power saving to the maximum pump power 
requirements would be approximately the same 

Where the boiler feed pump is located higher in the 
feedwater cycle and handling hotter water, the increase 
in ‘exeess’ pump power required with constant-speed 
drive ts offset by the fact that the excess power 1s utilized 
more efficiently in the cycle, so that the net power 
saving iS approximately the same. In the same manner, 
with the feed pump located lower in the cycle and handling 
colder water, the decrease in excess power requirements 1s 
offset by the decrease in cycle efficiency from the feed 
pump to the condenser so that the net power saving 1s 
again approximately the same 

Mr. Whelan concluded, therefore, that the net power 
saving obtained with variable-speed boiler feed pumps 
driven through hydraulic couplings by constant-speed 
iotors, as Compared to constant-speed pumps and motors 
justifies comparatively little of the additional initial 
investinent for variable-speed drive, particularly when 
i Spare pump is installed, and that the justification of 
hvdrauhe couplings rests principally on the expectation 
that maintenance costs will be reduced and the life of 


equipment extended 


Station Arrangements 


Percy L. Richardson, I. I. du Pont de Nemours & Co., 
What Industry Wants From the Electric 
Phe author reviewed briefly the 


cliscussed 
Utility Industry 
poliey of the du Pont Company with respect to purchas 
ing versus generating electric power. In view of the du 
Pont primary interest in the manufacture of chemicals, 
textiles, and numerous other products and not the gen 
eration of electric power, they prefer, with few excep 
tions, to purchase all of their electric requirements 
They depend exclusively on purchased electric power in 
(3 out of a total of 75 manufacturing plants; in two of 
their plant s they generate all of their own electric power 
In the remaining ten plants they generate a portion of 
the power and purchase stand-by or supplementary sery 
ice from the local utility company 

For a number of years the du Pont Co. has been ob 
taimimg its steam, electric, and water supply for two of its 
major chemical plants in New Jersey; namely, from the 
Deepwater Generating Station of the Atlantic City Elec 
tric Co. and in the second case from the Greenwich 
Generating Station of the same utility. They are not 
unique, however, in this respect as was seen from a partial 
list of installations the author gave of concerns that ob 
tam steam and electric service from adjacent utility, un 
der various types of contracts It is suggested that elec 
tric utilities, when industrial districts are being promoted 
should investigate the possibilities of furnishing combi 
nation steam and electric services 

Mr. Richardson then recounts other possibilities: (1) 
use of older generating plants for furnishing of steam; 
(2) long range planning; (3) quality of electric service; 
(4) rate considerations in site studies 


Frank P. Hyer, Delaware Power & Light Co., presented 
a paper on “The Unique Delaware Power & Light 
lidewater 


author récalled, several utility companies have made 


\greement During recent years, the 
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agreements with other industries to supply their steam 
and electrical requirements from power plants con- 
structed adjacent to industrial sites. This has long 
been the practice of the Pacific and Gulf Coasts where 
the petroleum industry has contracts with utility com 
panies for steam and electric power service. As a 
result of this trend Delaware Power & Light Company 
(DP&L) contracted with Tidewater Oil Company (TW) 
in 1955 to build and operate a power plant adjacent to 
TW's Delaware Flying “A” Refinery site to supply this 
refinery with steam and electricity. The contract also 
calls for operation and maintenance of the water 
treatment plant which supplies both the refinery and the 
power plant. The water-treatment plant is owned by 
TW and leased to DP&L. 

DP&L agreed to construct at its expense adjacent to 
W's refinery (1) a steam-electric power plant, including 
necessary auxiliaries and a substation on land purchased 
from TW, and (2) a transmission line to connect the 
power plant with its transmission system: and upon 
completion of this construction, to operate and maintain 
the power plant to produce process steam and power 
which TW agreed to take 

Under terms of the agreement the power plant was de- 
signed to burn fuel oil, refinery gas, and fluid coke; but 
provisions were made in design for possible future use of 
TW's initial requirements of power 
and process-steam dictated an installation of three 
boilers, each rated at 500,000 Ib per hr, two turbo 


bituminous coal 


generators, each having a nominal capacity of 25,000 
kw, and necessary auxiliaries and a substation. Further 
tore, the power plant was designed to permit extension 
of the buildings and the installation of such additional 
capacity as might be required by TW and arranged for 
by further agreement between DP&L and TW 

TW agreed to deliver at its expense all river water 
necessary to operate the power plant, and all raw fresh 
water including sanitary water to the water-treating 
plant required to supply steam and treated water 

PW agreed to sell to DP&L and DP&L agreed to 
purchase from TW bunker C or other satisfactory fuel 
oil, fluid coke, and or refinery gas for the fuel require 
ments of the power plant at prices to be mutually agreed 
upon. DP&L agreed to burn all surplus refinery gas 
as made available by TW to the maximum extent 
required for boiler operation. Provision is made tor 
purchase of fuel requirements from other sources under 
special circumstances at mutually agreed prices 

In the same vein the author summarized the other 
points of the agreement and discussed operations 


A new concept of the regenerative cycle utilizing a 
single variable as a criterion of the thermodynamic 
excellence of the feedwater-heating system for any given 
set of eyele boundary conditions was introduced by 
J. K. Salisbury, Consulting Engineer, in a paper entitled 
“A New Performance Criterion for Steam-Turbine 
Regenerative Cycles 

The variable, designated as //,, is defined concisely 
as the flow-weighted enthalpy of extraction steam. It 1s, 
in effect, the “center of gravity” of the turbine extrac- 
tion enthalpies. The author extols its simplicity as a 
concept, and the ease with which it may be determined in 


January 1959 COMBUSTION 


| 

= 


an actual power plant, which he believes, enhance its 
usefulness. Mr. Salisbury expressed the thought that 
those who have worked with regenerative cycles have 
worked around the concept probably many times, without 
identifying it, or exploring its usefulness as a tool. 

This paper presents an exposition of the //, concept, 
but does not develop the ramifications of its use. A few 
of the quantitative relationships in approaching complete 
performance monitoring were advanced. This variable 
is responsive to any change whatsoever that may occur 
within the heater system, and moreover quantitatively 
indicates the net effect on the heat rate. Since it is an 
overall criterion, readily obtainable from relatively few 
data, it is believed that its applications are manifold in 
areas such as analysis of cycle designs, appraisal of the 
effect of changes, and monitoring of the performance of 
existing systems, for comparison with guarantees 


J. H. Potter, Stevens Institute of Technology, spoke 
on the subject, “The Utihzation of Waste Heat.’ The 
basic consideration, Dean Potter believes, 1s that sound 
waste-heat utilization should be built around a contin 
uous rather than a batch and it should con 
tribute either to the process itself or to auxiliary opera 


process, 


tions. 
heat from 
convey or transport this heat to a lower temperature 


Gas, liquid, vapor, or solid may be used to absorb 
a high-temperature source, then physically 


receiver. 

Each waste-heat recovery scheme must be considered 
in terms of the processes involved, the cost of fuel, and 
the uses to which the heat or equivalent energy can be 
put. It is difficult 
certain features stand out which will serve to indicate a 
trend 

(1) Many years ago Gerbel found that only six out ot 


to generahze on this subject, but 


31 industries could balance process-steam requirements 
with power requirements. He took as his yardstick 6 16 
times as much steam as horsepower-hours per unit of 
product 
each of the remaining 25 industries 

(2) With the great improvements in central-station 
heat rates, purchased power has in most cases become 


An excess of steam or of power was found in 


more economical than that generated in industrial power 
plants. <A large utility recently showed that purchased 
power would be cheaper than that obtained from proc 
ess steam as a by-product in a 2000-kw turbine, and 
about the same as from a 5000-kw by-product operation 

(3) In terms of return on 
can show more profit from operation of improved manu 


investment the imdustries 
facturing or process equipment than from power-gener 
ating equipment 

(4) Power generation from the incineration of refuse 
has made no significant progress over the last decade, in 
spite of the fact that fuel was available at no cost 

(5) Elaborate waste-heat utilization 


volving thermal cascading or multiple-recovery cycles or 


systems in 


very unusual apparatus will find less justification in the 
future. The costs of installing, operating, and main 
taining such equipment will offset the potential savings 

6) Important progress can be made in waste-heat 
utilization where the improvements can be made in the 
basic process Phe metallic recuperators are examples ol 
devices that have great process potential 

7) West has suggested that waste heat should always 


be used for space heating, but cautions that unless the 
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salvage plant can show a return of at least 10 per cent 
over and above carrying charges it is not attractive 

(S) The new vehicle types of heat-transfer equipment 
may have an important impact upon the process indus 
tries. It is probable, however, that they will be con 
sidered as part of basic processes rather than as heat 
recovery devices. 

(9) There are many areas where heat-recovery equip 
ment is not justified but where improvements in the 
process could be effected by recirculation of part of the 


waste gases 


Fuel Cells 


Research on the fuel cell has been carried out sporad 
cally for almost a hundred years, but there has been a ce 
cided awakening of interest in recent years. Hence the 
paper, “Fuel Cells,” by Everett Gorin and Howard L. 
Recht, Consolidation Coal Co., was a welcome one 

By definition, a fuel cell is a primary electrochenucal 
fuel with con 
version of a substantial portion of the heat of combustion 
directly to electrical energy. A true fuel cell must oper 
ate continuously with a steady and constant output ol 


deviee which effects the oxidation of a 


electrical energy and with continuous supply of fuel to 
the negative clectrode and of oxidant to the positive clec 
trode. Only recently have fuel cells been devised which 
begin to meet this criterion of steady output. 

Phe main attraction of the fuel cell is the potentially 
higher efficiency that can be achieved in the conversion 
of natural fuels to electrical energy. It does not, in it 
self, introduce a new source of energy such as in the case 
of nuclear fission and fusion. Its main function would 
be to extend our resources of fossil fuels. 

A number of different types of fuel cells have been un 
der development. All cells for which any 
been claimed operate with gaseous fuels, and discussion 
Ultimately, of course, the authors 


success has 


was limited to these. 
company 1s interested in the use of solid fuels, particu 
larly coal, which is by far our most abundant fossil tuel 
Prior gasification of coal can be 
Further, 


for generation of power 
used to produce fuel gas for use in the fuel cell 
this operation can be conducted in integration with: the 
fuel-cell process itself to produce a high potential eth 
cieney for generation of power from coal as well as from 
other natural fuels 

There are really two basic ty pes ol Tuc Leells that have 
been under development Phe low and medime-temper 
ature cells operate broadly in the temperature range of 
room temperature to about 250 C Phese cells are 
acterized by the fact that high output is only achieved 
when relatively pure hydrogen is used as the tuel and pure 


char 


oxygen as the oxidant 


The most highly developed cell of this type operate 
at moderately clevated temperatures and at relatively 
high pressures of about 600 psi. This is the cell ce 


veloped by F. TP. Bacon in England, whose use im this 
country is being developed by the Patterson Moos Divi 
sion of the Universal Winding Co 


hyvdrogen-oxygen cells have achieved consider 


These 
able success in the course of their laboratory develop 
They md 


possibly civilian applications 


ment are of interest for specialized military 


In their present state ot 
development, however, they cannot be regarded serioush 
as a Major power source 
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Specifies AIR for furnace and tube bank 


... another installation of Cooper-Bessemer 
compressors for soot blowing service 


il installation of Cooper-Be 
pressors for soot blowing service 


of Southern California Edison Cer 


rated 500 } pat 10 rpm 


emer 


El § 


mpany 
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On the banks of the Wabash, the new Breed Station of 
Indiana & Michigan Electric Company will stand out as 
a symbol of sound, far-sighted engineering. Designed by 
and built under supervision of the American Electric Power 
Service Corporation, this 450 megawatt steam generating 
station will embody the latest advances in power plant 
methods and equipment. Take furnace and tube bank 


cleaning for example 


The Cyclone-fired furnace of this modern station will be 
cleaned by compressed air. Three 600 hp Cooper-Bessemer 
Type FM compressors will deliver a total of 6100 cfm for 


soot blowing service 


One after another, power companies and their consultants 
are specifying this improved method of boiler cleaning as 
the solution to many problems. And for authoritative ad- 
vice and the latest in facilities, they are turning to Cooper- 
Bessemer. Soot blowing is one of the many fields in which 
Cooper-Bessemer is able to render an outstanding service. 


Write for complete details 


BRANCH OFFICES: Grove City e New York e Chicago e 
Washington e San Francisco e Los Angeles e Houston e Dallas 


@ (uk ie Pampa e Gregyton e Seattle e Tulsa e St. Louis e 


Kansas City e Minneapolis e New Orleans e Shreveport 
SUBSIDIARIES: Cooper-Bessemer of Canada, Ltd Edmonton 
+ Calgary e Toronto 


Cooper-Bessemer Internatior 


Caracas e Mexico City 


GENERAL OFFICES: MOUNT VERNON, OHIO 


ENGINES: GAS - DIESEL - GAS-DIESEL 
COMPRESSORS: RECIPROCATING AND CENTRIFUGAL 
ENGINE OR MOTOR DRIVEN 


‘ 
= an + "| 
J 
é 
Corporation . . . New York e 
rte 
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cleaning new Breed Station 
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e ECONOMICS OF BOILER CLEANING 


WITH COMPRESSED AIR ¥ 
(Versus Steam) 
4 1. Pressure is always adequate to do clean, Pa 
2. Better programming with air... gets better 
cleaning results for higher boiler efficiency. 
3. Lower cost for blowing medium .. . less 
waste. 
me 4. No quenching action on hot alloy tubes or Breed Station of 
pressure vessels. ; an Indiana & Michigan 
5. Less maintenance of blower equipment due fj e Electric Company, lo- 
to erosion, corrosion, packing wear. f % cated in western Indi- 
6. ed h ... 06 seem ana. Designers: Amer- 
prov ousekeeping n am or é 
condensate leakage. 7 x ican Electric Power 
7. Greater over-all economy of blowing me- Ky * Bs Service Corporation. 
dium on evaluated basis. 
8. Eliminates condensate makeup required bes 
when blowing with steam. rs xk. = 
DATA—Write for free copy of "Steam or Air: f f ge 
Which costs more for boiler cleaning?” 
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BERGEN GETS 
AND SOME REMARKABLE CUSTOMER SERVICE 


Public Service’s new Bergen Generating 
Station will be served by 8 large, horizon- 
tal Ljungstroms. Almost as important . 
the Ljungstroms will be serviced through- 
out their life by Air Preheater. 

What's special about this customer service? 
For one thing, it’s the considerable knowl- 
edye and talents of Air Preheater’s engi- 
neers. They have been involved in nearly 
every conceivable type of boiler/ preheater 


problem. They've seen how these problems 


can be handled. And they can put this 


experience to work for operators of 


L.jungstrom air preheaters. 

Your Air Preheater engineer also makes 
regular calls to check the operation of 
every Ljungstrom — for as long as it’s in 
service. (This now includes installations 
dating back to 1923.) 

So, when 
you're never entirely on your own. You 


you select a Ljungstrom, 
continue to be the responsibility of a com- 
petent Ljungstrom engineer and benefit 
from his experience and knowledge. 
Maybe that’s why 9 out of 10 preheaters 
sold are Ljungstroms. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 


Thirty-five tons of Ljungstrom rotor being low- 
ered into place at the new Bergen Generating 
Station at Ridgefield, N. J. (When the heating 
elements are instailed the rotor will weigh 
150 tons.) This is one of eight preheaters being 
installed by Public Service Electric and Gas 
Co. to serve two boilers each evaporating 
1,900,000 Ibs of steam/hr. The first boiler is 
to be fired early next year. Anticipated pre- 
heater outlet temperature is about 275 F 

Public Service is one of the first Northern 
utilities to use large-size horizontal preheaters. 
They have nine such horizontals in operation 
at their Linden Generating Station and have 
ordered eight more for their new Mercer Gen- 
erating Station 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustions, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and 
Preparation 


General Considerations on the Origin 
of Coals and Coal Fields. (. Stad 
nikoff Brennst Chemie 1958, 39 
(Aug.) 235-9 (In German 

Differences in the composition of 
coals can be explained by the differ 
ences in plant material from which 
they originate Differences in rank 
can be explained by paleographical 
conditions at the time of the deposi 
tion of the plant material, without 
assuming increased temperatures and 
pressures his also explains in 
Which cases Hilt’s law of increase of 
rank with depth is correct and why 
and where exceptions must be ex 


pected 


Pneumatic Handling of Bulk Mate- 
rials. \\ Farnworth Chem. Proc 
Ieneng. 1958, 39 (Sept 

Phe basic principles of vacuum 
pressure, combined vacuum pressure 
and fluidized pneumatic conveyor in 
stallations are set out and examples of 


appli ation deseribed 


Heat: Cycles and Transmission 


Dropwise Condensation in Evapo- 
rators. lL). KE. Garrett Brit. Chem 
Engng. 1958, 3 (Sept LOS 
Pilot-plant screening test single- 
plant heater tests and full-seale plant 
tests in which a large number of 
promoters of dropwise condensation 
were used proved entirely unsuccess 
ful, as ne continuous dropwise con 
densation could be obtained he 
reasons for this failure are discussed 


Steam Generation and Power 
Production 


Dimensionless Coefficients of Mix- 
ture Formation in Combustion Cham- 
bers. Part II. W. H. Fritsch. 
ergie 10 (Au 23 (In Ger 
man 

The theoretical study of the first 
part is continued, with a discussion 
of the time required for the mixing 
of the combustible content of the 
fuel and the air Phis is based on 
GGuimz's diffusion Phe time 
constant of diffusion is deduced and 
yraphs are presented, giving diffusion 
burning time of liquid and solid fuels 
as a function of volatile content and 
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excess air. The influence of nonuni 
formity of fuel droplets or pulverized 
coal particles on burning time is con 
sidered and equations are derived 
for calculating the burning time of a 
particle mixture 


Calculation of the Entry Velocity of 
Water into the Risers of Natural Cir- 
culation Steam Generators. J. Schro 
eder. 1958, 10 (Aug.) 322-31 
(In German) 

Equations are developed for cal 
culating natural circulation in boilers 
in which the riser tubes are nonuni 
formly heated over their length o1 
bifurcated The calculation takes 
inte account chanves of speciti weight 
and velocity over the length of the 
riser tube Since the various losses 
appear individually in the caleulation, 
it is easy to see which design altera 
tions have to be apphed so that the 
entry velocity is sufficient to guar 
antee natural circulation \ numeri 
cal example explains the applieation 
of the equations 


Determining Moisture in Steam at 
High Pressures. \. \V. Ratner and 
Zelenskit. Teploenergetika 1958 
5, No. 5 (Mav) 44-6 (In Russian 

Results are given of an experimental 
study of the flow factors of Venturi 
tubes in water, steam water mixture 
and steam Phe tests show that the 
flow factors for a vertical flow meter 
ing tube for rates of 1.5.5 th in 
cold and hot water, superheated and 


wet steam (steam content x 
O65 at atm abs) pressure 
are pl icticalls identical equalling, 
| Thus, with knowledge 


of the consumption in sections where 
a single-phase liquid is flowing render 
it possible to determine with the aid 
of the flowmeter the wetmne ol the 
team 

From Digest 10 
sept. 15) 2472 


An Investigation of the Variation in 
Heat Absorption in a _ Pulverised- 
coal-fired Slag-tap Steam Boiler at 
Blaine Island, Charleston, W. Va. 
\. A. Orning, M. Weintraub, C. H 
Schwartz, A. Mihok, C. MeCann 
and W.C. Harrold. Tran 
1958, 80 (Auyg.) 1239-50 

Phe furnace heat absorption wa 
determined from the furnace exit 
as composition and temperature in 


IS tests on a steam yvenerator rated 
at 250 kib hr of steam at 675° psi 
and 670 Phe furnace was fired 
with pulverized coal through opposed 
burners with reimjection of fly ash, 
over a refractory insulated slagging 
bottom. Furnace heat absorption, at 
various load and excess air values, 
was correlated with the adiabatn 
flame temperature and the residence 
time of combustion products in the 
furnace. The furnace performance 
was found to depend upon burner 
adjustments, but did not steniticantly 
depend on recirculation of fly ash 


Natural Circulation Investigations on 
an Experimental Two Tube Boiler. 
A. M. Laird, A. W. Seott and A. S. 1 
Phomson Pap. to Nb. Cst Instn 
Iengrs Shipb., 7 Mar. 1958, 30 pp 

Phe British Shipbuilding Research 
\ssociation’s experimental two tube 
water tube boiler, built) to mvesti 
gate natural circulation phenomena 
and designed for a maximum pressure 
of 1500) psi, and a maximum heat 
input rate of 120,000 Btu lr sq ft 
deseribed. In the boiler provision 4 
made for varying tube diameter 
length and inclination \fter 
some details of the imstrumentation 
the paper deseribes the experimental 
result all these relate to vertical 
tubes Phe main series of experiment 
shows the influence of tube diameter 
pressure and heat input rate on cir 
culation  velocits and additional 
tests indicate the effeets of restrictin, 
orifices ain the circuit, nonuniform 
heating of the riser, shortening the 
heated length and rapid drop im boiler 
pressure Phe following general re 
ults were obtamed under stead 
operation, natural circulation wa 
more than adequate to deal with the 
inaximum heat loading and evapora 
tion rate attamed ain these test 
tube diameter had an mnportant im 
fluence oon circulation rate at all 
conditions within the range studied 
for the 2'/, 19/4, and 1'/,1n. tube 
the maximum circulation velocity 
attained were roughly 5, 4 and 3 fp 
at pressures above JOO pst and heat 


Input rates Exes of Btu 
hr sq ft, changes in pressure and heat 
input rate became relativel le 

mnportant; nonuntormity of heatin; 
wound the riser tube was unimmnper 


tant; the rate of drop im pressure to 
produce circulation failure was re 
lated to boiler pressure and to the 
circulation velocit Obtaming betore 


pressure drop oceur re 


arise im correlating result due to 
lack of information regarding the 
component factor aflectin circuit 
resistanes Measurement of density 


and determination of flow pattern in 
the riser by the gamma ray technique, 
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described in the appendix, should pro 
vide much of this information 
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High Pressure Steam Generator as 
SiO Filter. Ik Deolezal Witt 
In Gserman 

\ theoretical tud 1 pre ented 
of the distribution of in the botles 
water and steam, the concentration 


of SiQh} in the boiler water and mean 


of reducing the 1) content of the 
team im beoler with natural cireula 
ipplyving the previeusl 
deserthed two staye tem of ¢ ip 
oration, the retention and concen 


tration of the SQ. in the boiler water 
can tbe Cot iderabl ised bee 
purer steam venerated im the = ti 

dee net come contact 
with the highly econeentrated boiler 
water of the econd stave In forced 
flaw boilers operating suberitical 
pressure, the it removing vessel 
fulfills a simmlar role, but this 1s le 

eflhoent than two stave evaporation 
With a pressure ipproaching — the 
eritieal pressure the it) removal 
‘ el become Ie efiicrent and above 


the eritieal pressure it is usele 


Operating Results of an Experimental 
Supercritical Steam Generator. |: 


UNAFRAX 
CONSTRUCTION CO. 
Contractors and Engineers 


Design and Construction of 

Refractory and Insulation 

including gun placement of 
Refractories 


For 
Boiler Settings, Ash Hoppers, 
Industrial Furnaces of all 
types, Rotary Kiln Linings, 
and Incinerators 


Serving 
PUBLIC UTILITIES 
PAPER MILLS 
INDUSTRIAL PLANTS 
throughout the Nation 


Wo. 
405 McNeilly Road, Pittsburgh 26, Pa. 
LO 3-2431 


Daman, H. Phillips, J. Vail and § 


Ling A.S.M.1 Preprint 58-SA-17, 
195S (June) 11 pp 
Results obtained on a 2000 Ib hr, 


psi and 1200 F supercritical 
pilot plant during 5000 hr of operation 


ire presented Ihe main investiga 
tier were concerned with water 
treatment, operation of controls and 


tability of the circuit under sub- and 
upereritical pressure operating condi 


tion 


Operation of a Once-through Boiler 
on Anthracite Duff with Liquid Slag- 
ging. S. G. Markin, V. P. Popov 
and V. E. Shtefan. /:lkt. Sta. 1958, 29 
Apr.) 7-11 (In Russian 
\ deseription and report of opera 
tion of the first model of the 67-2-SP 
boiler, which is designed to 
run on pulverized anthracite and gen 
erate 230 tons hr of steam at 100 atm 
and S10 € 
tory Phe length of run ts limited to 


Operation was satistac 


00-5000 hr by the burning away of 
the tilting cones on the burner 

From Fuel Abstracts 1958, 24 (Aug 


The CO Boiler of Standardised De- 
sign Effective Answer to Economic 
Recovery of Refinery Waste Heat. 
| Harvev and P. C lrounce 
Combustion 1958, 30 (Aug.) 34-9 

The waste gas trom the regenera 
tion of catalysts has a C.V. of 15 
Btu cu ft at a temperature of L000 | 
and can, together with fuel oil, be 
used to venerate steam in a_ boiler 
In a boiler rated at 100 klib/hr 
tt pst, a saving of GS mill. Btu hi 
is obtained by the use of this waste 
is. The boiler 1s of the conventional 
water tube design with pressurized 
furnace and tangential firing. Oper 
ating experience with the boiler has 
heen excellent; it has averaged SOOO 
hr vear and wa hut down only 
When the regeneration unit was also 
hut down for maintenance Main 
tenance cost was very low 


Cooling Tube System Protects Bare 
Refractories in the Burner Corners 
of a Slag-tap Furnace. MM. Schulz 
10 (Aug 35-7 (In 
(,erman 

Phe refractory bricks in the corners 
of boiler tired with pulve rized coal and 
blast furnace gas were rapidly de 
troved by the high furnace tempera 
ture, as the riser tubes could not pro 
vice adequate cooling Since it was 
impossible to space the riser tubes 
more closely, it was decided to install 
a system of cooling tubes between the 
riser tubes and the burner mouth fed 
by boiler feedwater. Care had to be 
taken to ensure sufficient water veloc 
ity to avoid evaporation of the feed 
water After the installation of these 


cooling tubes, the refractory tubes 
have now lasted for over 20,000 hr 
with only minor damage 


Single Stage Copper Removal Treat- 
ments Lengthen Boiler Tube Life. 
J. P. Engle and R. W. Fitzgerald 
Pwr. Engng. 1958, 62 (Aug.) 76-8 
Dow Chemical Co. has developed a 
complexing agent, to be added to 
the acid cleaning solution, which 
prevents the copper precipitating out 
of the solution again and adhering 
to the tube wall. The agent can be 
used only where iron deposits are also 
present; if the copper deposit is very 
heavy, a preliminary treatment with 
acid without the agent 1s recom 
f the 


mended to reduce the = cost 
treatinent 


Liquid and Gaseous Fuel Firing 


Oil-firing for Steam Generators. () 
Rosahl Techn Witt. 1958S, 51 July 
326-36 (In German) 

Developments oil-firing tech- 
niques, since the author's lecture in 
14056 (see abstract No ISO7, 1957), are 
described Examples are given of 
installations in many different coun 
tries, and the experience obtained ts 
discussed Particular reference 1s 
made to heat release rates in the fur 
nace, replacing of pulverized coal by 
ml and combined firing, low tem 
perature corrosion and additives, high 
temperature corrosion and eco 
nomic comparison between oil and coal 


liring 


Oil Burner Systems and Their Tasks 
with Regard to Combustion and Heat 
Transfer. W. Hansen. Techn. Mitt 


1958, 51 (July) 286-04 (In German 
Various designs of atomizing, va 

porizing and gasifving burners, their 

principle ol operation advantages 


and disadvantages are described 


Burner Maintenance. k. 1). Reed 
A.S.M.f Preprint DS-SA-56 
June) 7 pp 

Phe various factors making burner 
maintenance necessary such as the 
corrosive nature of the gas or oil, the 
temperature in the furnace, dissocta 
tion or polymerization of the gas 
solid matter entrained in the gas or 
oil are considered and advice 1s given 
on restoring the individual burner 
parts to their original state 


Furnaces and Combustion 


Experiments with a Vortex Furnace. 
R. Cave-Browne-Cave 
1958, 206 (Aug. 22) 292-3 

Coal firing trials on an experimental 
vertical cyclone furnace are reported, 
during which heat release rates of 
240,000 Btu cu ft and hr were ob 
tained. From the results of the trials, 
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the dimensions of a cyclone furnace 
are deduced which would give opti 
mum combustion conditions 


Use of Flux with Coals with High 
Melting Point Ash in the Cyclone 
Method of Combustion. I. Ya. Zal 
kind, T. V. Solomatina and M. A 
Nadzharov le ploenergetika 195S 
(Apr.) 34-41 (In Russian 

The etlect ol the mineralogical 
composition of the ash and slag of 
coals on their apparent viscosity ts 
examined Data are yviven on the 
reaction of different fluxes with slags 
It is shown that the range of fluxes 
that can be used in cyclone furnaces 
is extended if fluxes are added in 
amounts equivalent to up to 25% by 
weight of the ash 

From Fuel Abstracts 1958, 24 (Aug 
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Flue Gas, Ash and Dust 


Experiments on an Industrial Venturi 
Scrubber. J. A. Brink and C. I 
Contant. Ind. Engng. Chem. 1958, 50 
(Aug.) 1157-60 

Phe collection efficiency and pres 
sure drop of a Venturi scrubber were 
investigated It was found that the 
etherene depends on the aerosol size 
and that larger particles are removed 


at a higher efficienc than smaller 
ones For particles of 1 w diam the 
collection  eflicrenc was for 


those of 0.5 w diam only 7S, 


Progress Review No. 45: Handling, 
Disposal and Utilisation of Ash from 
Power Stations of the C.E.G.B. 5S. H 
Dawson / Inst Fuel 1958, 31 
Sept 

Hydraulic and pneumatic systems 
of furnace hopper and fly ash dis 
posal and a number of improvements 


introduced recentl are deseribed 
Schemes of fly ash utilization for 
producing light weight aggregate, 


bricks and concrete, and for road con 
struction and filling material at build 


ing sites are outlined 


Process of Producing Constructional 
Material from Flue Dust.  \etall 
gesellschaft British Patent SOO, 
913 Germany, Sth July, 1955 

rhe flue dust is formed into pellets 
and then sintered. Either pellets of 
1-4 w diam are formed, with addition 
of coke, and then sintered on a grate 
to form a cake which is broken up to 
sizes below 20 mm and ean be used 
or pellets of 
S-12 u diam are formed, rolled in fuel 


is concrete ayyrepale 


and sintered as individual pellets for 
use as constructional material 
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ghest Standard in Boiler 
and Pressure Tubing 


Every length of Standard Boiler and 
Pressure Tubing is tested at pressures 
far beyond code requirements and 
can be readily bent or otherwise 
w fabricated. 


NOW Standard’s electric weld boiler tubing is available in much 
heavier wall thickness than has heretofore been produced. Thus, this 
extremely uniform tube can be used for still higher pressures. 

Wall thicknesses up to .220” minimum wall in 2” outside diameter 
and smaller can be supplied. This will permit allowable pressures well 
above 2,500 Ibs. for tubes expended into headers or drums or for 
tubes absorbing heat in water tube units. Larger diameters can be 
supplied up to .280” minimum wall. 

The smooth surface and uniform wall help to reduce thermal 
stresses and permit better control of rolling tubes into headers or drums. 

No where will you find any more modern 
and complete facilities for precision manu- 
facture and inspection of Boiler and Pres- 
sure Tubing than you'll find at Standard. 

For complete information all 
Standard products and services send for 
free 8-page folder today. 


STANDARD 


THE STANDARD TUBE COMPANY and MICHIGAN STEEL TUBE PRODUCTS DIVISION 
24400 Plymouth Road «+ Detroit 39, Michigan 


Welded stainless tubing and pipe « Welded carbon steel mechanical e Boiler and Heat Erchanger 
us dizec Special Shay Ste i lo 6 to wa 
Exclusive rigidized patterns Special Shapes e el Tubing Six OD to 6° OD ) 
Stainle Size OD to 44 — 020 to 187 wali, 


FREE 
8-page folder on 
all Standard prod- 
ucts. Write address 
below. 
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Air Coolers and Air Condensers in between gas, oil and coal-fired power Steels for Tubes of Boiler Installa- 


Local Power Stations. C. leschon stations can only be obtained if the tions with Extra High Parameters. 
10 (Aug (In thermal efficiency or heat rate is G. P. Fedortsov-Lutikov and T. 
. German based on the net C.V. and not on the Griboedova /-nergomashinosiroente 
4 Various installations of wir con gross C.V. as at present done in Amer 1958S, 4 (May) 28-34 (In Russian). 
densers for small power stations at ica Ihe results are set out, with various 
the Luxembourg iron and steel work charts and tables, of a study of the 


The Uranium-graphite Reactor and 
Superheated Steam Power Stations. 
N. A. Dollezhal. J. Nuc. Eny 1958, 7 
Aug.) 109-14 

Expressions are given for assessing 


properties of austenitic chromium 
nickel steel tvpes 1 Cr 1S Ni 12 Ti, 
1 Cr 18 Ni 9 Ti and EI-724 Phe, 
show, interalia, that in mechanical 


ire described, which have been sited 
either on the ground or on top of work 


hep where other puce Wa not avail 


ible Experience ha hown that 


elliptical tubes with or without fins properties and durability these steels 


the economy of nuclear power sta 


satisfy the requirements of boiler 


7 ire preferable to round tubes, as the ; he | 
tions at large 
i pressure loss maller and there are ar ge steels for steam parameters p 230 
le dead zones = ati gage and ¢ HOO-B10 C 
are pe udy From Dige st 1958, 10 
; forms one of the most complicated Sent 97) 2492 
a Experience with Austenitic High Tem- regions of modern technology. A de wEPS. 28 sate 
Z perature Spray Desuperhesters in 2 scription is given of a high tempera The Application of Austenitic Steels 
bis ps C Industrial Power Station. iF ture steam generating reactor which in the New Hiils Power Station. 
Wehrberger Witt. V.G.B. No, 55 will be used in one of the nuclear A Engl. Mitt. V.G.B. No. 88. 1958 
1958 (Aug) 208 74 (In German) power stations under construction Aug.) 255-64 (In German) 
x, The failure, due to cracking of the in the USSR The reactor is de Details are given of the composition 
austenitic spray desuperheater in the signed to produce 100 MW(e) with a seupestios ant 
new Hills power plant, is described standard steam-turbine set: steam is of the steels used, their application 
and the cause thermal shock) dis venerated in the boiler at 110 atm in the boiler. superheater and re 
. ' all 
cussed The new design evolved to and superheated to 510 C directly heater, and the topping and condens 
in the reactor, giving an efficiency of ing turbine, their weldin ind of 
various tube failures 
Digest’ 1958, 10 
Power Generation and Power Plant Sept. 13) 2501, New Welling Been. C. W. I 
Power Plant Criterion. I Bau Materials and Manufacturing Vernon. Weld. Met. Fabric. 1958, 26 
miemster elect. World 1958, 150 Sept.) 
Aug. 25) 72 \ review of developments durin, 


It is argued that a true comparison Use of 1 Cr 18 Ni 12 Ti and EI-724 the past two vears, including new CO) 


SOLUTION OF HYDRAZINE 


e Oxygen- 


eS ‘avenger 
e for 
e Boiler Water 


Bulk coal handling problems solved 


through the knowledge and skill gained in designing, building 
ind installing convevor systems that solved tough coal handling | 


e Treatment | 


A problems for some of the largest firms in the country 
Reputation for very installation by Sy-Co is individually designed to meet 
Dependobility i particular problem and planned for the maximum 

Ke | CHEMICAL CO... INC. 
onomy of installation and operation 
Possession * Keonomy of maintenance | 136 Liberty St., New York 6,N.Y. | 


Midwestern Representative: 


If vou have a coal handling problem we'll be happy to 
~ share it. Write us for descriptive literature J. H. DeLemer & Son, Inc. 
4529 No. Kedzie Avenue 


Ce) ENGINEERED | Chicago 25, ll. 
ine sv-co CORP. | Ask for pamphlet BW 


SYSTEMS 


594 Industrial Avenue Paramus, New Jersey COlfax 1-1414 —EE — 
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techniques, dual gas shielding, ultra 
sonics, bonded fluxes, electron-beam 
fusion, automatic pipe joining and 
high frequeney resistance welding 


Post-weld Treatment of Welded 
Units for the Relief of Stress. S. | 
Watson Weld. Met. Fabric. 1958, 26 


Sept 318-2? 


The reasons for applying. stress 
relief treatment, methods available 
heat, plastic straining) and testing 


of stress relief are discussed 


Instruments and Controls 


Computor Reduces Man-hours in Fuel 
Analysis Calculations. C.J. Wegert 
and Guppy A.S.M.E.. Pre 
print SS-SA-62, 1958 (June) S pp 

The IBM 705 computer has been 
used to calculate and produce a com 
plete fuel analysis and consumption 
report for the Commonwealth Edison 
Co. every month Phe procedure 1 
deseribed and the costs analyzed 
It is shown that the use of the com 
puter is economic for simple repetitive 
calculations 


Nuclear Energy 


Peaceful Uses of Atomic Energy. 
Anon. /engineer 1958, 206 (Sept. 5 


4 


\bstracts are given of the Presi 
dential address by Professor F. Perrin 
to the 2nd International Conference 
of the Umited Nations on the peacetul 


uses of atomic energy, in which the 
appleation im highly industrialized 
and underdeveloped countries, the 


harmful effect of secrecy, the prospects 
of thermonuclear fusion, the continued 
importance of the fission process, the 
dangers of ronizing radiation and dit 
ficulties of waste disposal were re 


Vie wed 


Summary of the Geneva Conference. 
sir John Cockroft. Engineering 1958 
186 (Sept. 19) 372-5 

\ broad survey of the new knowl 
edge disclosed in the paper presented 


to the Conterence 


Atomic Review. World Programme. 
Anon engineering 1958, 186 

The major national and interna 
tional atomic energy programmes of 
Great Britain U.S.A U.S.S.R 
France, Canada, India, Australia and 
South Africa and of the International 
\tomie Energy Ageneyv, Europeat 
Nuclear Energy Ageney 
Euratom, Cern and Joint Nuclear 
esearch Institute are outlined 


U.S. Exhibits Reactor with Unique 
Fuel-Moderator. Anon Vucleonie 
19S, 16 (Aug 

Phe traming, research and isotope 
production reactor (TRIGA) designed 
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Boiler Water Level Security 


Pays Dividends 


..- Reliance Equipment 


insures safe, sure 
supervision for low 
or high pressure 
plants 


—~ 


ke. 


“Two water gages on all boilers 
operating at over 400 psi” says the 
code. Here's an example, in the 
municipal light and power plant of 
Coffeyville, Kans., illustrating mod- 
ern Reliance 900 psi equipment. 


Water column includes whistle 
alarm; is equipped with flat glass gage 
insert, periscope hoods to retlect image 
through cat-walk opening to a floor- 
stand mirror below; and mercury lamp 
illuminator for sharp, brilliant projec- 
tion. The second gage, also of double- 
window flat glass construction, is 
custom-made with tie-bar, for direct- 


to-drum installation. 


Reliance builds for all pressures — brings you a complete line of 
boiler safety devices. The long record of efficient, dependable service — 


the extra margin of safety built into all Reliance Equipment — assures 


long life and low maintenance. Check with your consultants or ask for 


nearest Reliance Representative address. 


The Reliance Gauge Column Co. 


5902 Carnegie Avenue 


. Cleveland 3, Ohio 


The name Thal introduced aafeiy waltr columns... 1884 
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5 R&I, pioneer and a leading pro- 
. ducer of castable refractories, offers 

MOLDIT. 
z With Moldit—mixed as ordinary 


concrete—you pour, 


and shape, fast. 


ming or pounding. 


tain, 


MOLDIT LASTS 


to moisture. 


ports 


other refractories. 


reductions of as 


@ Lower Maintenance Costs 
@ Saving Installation Time 
@ Smaller Inventory of Refractories 


cast or 
your own refractories in any size 
There's no ram- 
No _ high-cost 


inventory of special shapes to main- 


outlasts the rest. 
It's stronger, more resistant to ther- 
mal shock and abrasion, impervious 


Plant after plant re- 


much 


90% in repair and maintenance 


costs when Moldit Castables replace 


124 Wall Street - 


@ Longer Service Life 


gun 


Ashpit of large coal-fired boiler completely 
gunned" with R&I Moldit. Records show 
not a single repair required in 11 years of 


constant service 


as 


Gunning a 5/2” thickness of Moldit Chrome 
Refractory on a boiler floor for maximum 
resistance to molten slag. Such floors have 
been in service for 6 to 7 years without 


a failure 


FOR EVERY REQUIREMENT 


There are Moldit Refractory and Insulating 
Refractory Cements for all requirements 


Castables 
3000, the 


refractory bonding mortar 


Send for catalog on Moldit 
Also get the story on R&l Super 


truly ‘wonder 


REFRACTORY & INSULATION 


CORPORATION 
New York 5, N. Y. 


by General 
at the 
the special 
sulety 


\tomiec has been exhibited 
Geneva Conference because ol 
feature of the reactor’s 
Phis is obtained by 


negative tem 


inherent 


the core, which has a 


perature coefficient, due to the fuel 


elements containing a homogeneous 
blend ol 


dridk 


uranium and Zircomum hy 
Details of 
control 


iluminium 
tank 
elements 


clad 


the power Core COTE 
fuel 


coolant are given 


rods moderator ane 


Heat Extraction in Power Reactors. 
4. (; Nucl Pw 3 


Sept 


Boxer 


Estimation of pressure drop im the 


primary coolant, due to friction and 
change of densit ind the 


vermng the 


ermteria 


choice of suitable 


primary coolant are discussed 


Reactor Test Loops. 4. Obtaining 
the Results. |). Norsworth 
Vucl. Pwr 1958, 3 sept 131-4 


Phe purposes for which the loop 


are used and the type of information 


to be obtained are deseribed I he 
problems imvestigated imelude | 
Coolant technology Coolant 
}) Fuel element testing 
1) Heat transfer data 


product) behavior 


U. S. Designs Gas-cooled Reactors. 
\non 1958S, 16 \uy 
IIS 21 


wcleonie 


American studies of the gas-cooled 


reactor indicate that it would be pos 
sible to build a reactor more advanced 
than Hinkley Point, mainly by in 


gas pressure and out 

Welding of thicker 
ercoming dis 
at higher tem 


crease of coolant 


let temperature 
pressure vessels and oy 


tortion of fuel elements 


peratures by their rotation are dis 
cussed. It is estimated that a slightl 
enriched design would produce 


cheaper power than natural uranium 
designs 


The Case for Enriched 
Vucleonic 


Uranium. 1. 
Uranium. 
16 (Aug.) 
Phe use oft 
recommended 


Start LQ5S, 


enriched uranium 1s 


because of the lower 


capital co tof the reactors and, conse 
quently, of the power produced 
Figures are quoted to support) thi 


contention 


The Case for Natural 
Menke Vucleon 


SS, 


Uranium. 2. 
Uranium. | 
ics 1958S, 16 (Aug 

Natural uranium appears to be an 


economical proposition for the heavy 


water moderated reactor, though not 
for the graphite moderated reactor 
and would lead to a more effective 


utilization of the fuel, especially it 


recvling 1s considered 


R. ¢ 
Goodman 


A.E.C.’s Fuel Programme. 
Dalzell, W. K. Davis, C 
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and U. M. Staebler Vucleontcs 
16 (Aug.) 

Phe program of the A.E.C. in de 
veloping more efficient fuels for re 


actors, using U233, U235, U23S and 


Pu, is outlined This embraces 
(1) Research into ftissionable, fertile 


and structural miaterials, to reduce 
costs ?) Fuel elements with in 


creased resistance to irradiation and 


longer life at high temperatures ) 
Full or partial core loading of proto 
tvpe fuel elements for testing under 
normal re 


conditions 


actor operatit 


Grinding, Screening and Filtering 


The Performance of an Air-swept 
Tube Mill. Fo J. Hiorns and L. FE 
Reed I. Inst. Fuel 1958, 31 (Sept 

wept tube mill without classifier, 
using two coal vith Hardgrove 


earried out on a full-scale ait 


indice nF ind 64, respectively 


have shown that under normal operat 


mg conditions the tinene of the prod 


uct fell and output rose linearly as the 


air rate through the mill was mereased 
Phis relationship ceased to hold wt the 
heat available was insufficient to dry 
the coal Neither ball) charge 
coal level in the mill affected output 


but imereased ill charge mereased 


the site consumption of the mall KNOW YOUR FUEL COSTS 


From authors’ abstract. 


day...per boiler 


Analysis and Testing, Research 


with an AUTOMATIC RICHARDSON H-39 
and R. C. Tomlinson /. Inst. Fuel COAL SCALE 


1995S, 31 (Sept.) 106 
\ guide for testing automatic coal 
unplers is presented and the prin Coal is money, money that you are burning. And it’s vitally im 
ciples on which the test hould be portant to your balance sheet to know at all times how much 
based are stated) Three methods for of it is going where, how fast 


providing a standard of reference are 


With an Automatic Richardson H-39 Coal Scale you know. It’s the 


superior method of checking boiler and furnace efficiency through 


presented C usc of 
& hown by all automatic samplers in records of coal consumption over a set period of time. 
, vestigated are discussed. Where the A product of the world’s foremost manufacturer of automatic 
product to be umpled is liable to weighing and proportioning equipment, the Richardson H-39 1 
vreal iriation, trials with artificial @ records the total weight of all coal consumed and the 
muxtures are required amount consumed by each boiler. 


@ has extra large (24° x 24”) inlet, prevents coal “arching” 


Simple Way to Measure Steam Qual- 


ity. Ro Lemlich. Chem. Engng. 1058 @ minimizes condensation with exhaust vents at each end 


65 (Apr. 7) 162 @ is available in two capacities, 20 and 40 tons per hour 
calorimet 0 t 
\ r deter Write today for Richardson Bulletin 0352A for engineering de 
the temiperatt 1 
ture, and hence the tails and S-58 for complete specifications on the cost saving and 
ith: 1 on it ol 
budget control features of the H-39 coal scale. 
team, 1s deseribed It consists of a ri 
| lenvth of tul f, 7 Richardson Scales conform to U S$. Weights 
hort 1oof tubing for sampling 
7 ond Measures H-44 for your protection 
the steam, leadin through a needle 
alve and a notched two-hole stopper 
to an inverted | pint thermos bottle 
, Steam is allowed to pa through the 
valve, inte the thermos and when 
ly the temperature can b 
| MATERIALS HANDLING BY WEIGHT SINCE 1902 | HANDLING BY WEIGHT SINCE 1902 
read b meat of a thermometer 
Which passes through the stopper RICHARDSON SCALE COMPANY e CLIFTON, NEW JERSEY 
Ts From Fuel Abstracts 1958, 24 (Aug Sales and Service Branches in Principal Cities 
47 Also manufactured in Europe to U.S. standards 4 
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Get 


HARDNESS BOILER 
FEEDWATER 
—at LESS COST 


Top photo shows new outdoor hot lime-zeolite Ky OT L | M f 


softener installation in a Southern refinery. 
Five Nalcite HCR ion exchange units (lower 
photo) have output of 470,000 gallons of ZEOLITE 


zero hardness water between regenerations. TREATM if NT 


® Start with the simplicity of operation ... add the low 
operating costs of hot lime-zeolite softening .. . all made 
possible by the outstanding high-temperature performance 
of Nalcite HCR in the zeolite softeners. Results: Zero hard- 
ness water, from virtually any raw water source, with a 
minimum of testing and control required. See your water 
treating equipment manufacturer for details on new or 
conversion hot lime-zeolite treatment for your plant... 
and for top softener efficiency, specify Nalcite HCR. 


*Reg Trademark of The Dow Chemical Company 


NATIONAL ALUMINATE CORPORATION 
6234 West 66th Place 7 Chicago 38, Illinois 
In Canada: Alihem Limited, Burlington, Ontario 


® When you use Nalcite resins, you take 
Na advantage of Nalco’s long and broad 
experience in water and process 

technology. 


PRODUCTS 
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CRACKING Problems 


with 316 and 347 Stainless? 


HERE’S WHY: New CHAM- 
PION 16-8-2 Stainless Electrodes 
have a composition which has 
much higher hot ductility than 
any other grade of stainless. Pro- 
duces freedom from cracking in 
weld, zone of fusion, or parent 
metal. 


Q +- 


> 


HERE’S WHY: Tests reveal that 
this composition is not subject to 
embrittlement on aging, and pos- 
sesses very good stress-to-rup- 
ture properties. 


Excellent mechanical prop 
erties are accomplished with 
CHAMPION 16-8-2 Welding 
Electrodes: 


Yield . 61,000 psi 
Tensile 92,000 psi 
Elongation in 2” 50%, 


Reduction of area .. 61.8% 


16-8-2 Electrodes Offer 
freedom from CRACKING 


= <4 


HERE’S WHY: Lime type coat- 
ing deposits extremely clean, 
sound weld metal. Handles well 
in all positions. Low spatter. 
Easy slag removal. Smooth, even 
and finely rippled weld bead. 


The chemistry is closely con 
trolled to produce less than 


ferrite in the deposit. 


Typical chemical analysis is 


as follows: 

Carbon 08 Chromium 16.19 
Manganese 2.24 Nickel 8.00 
Silicon .37 Molybdenum 1.79 


Other stainless requirements: CHAMPION offers a complete line 
of stainless electrodes ina full diameter range from 5/64" to 1/4", 


lime or AC-DC coated, 


FOR FULL DETAILS on CHAMPION'S 16-8-2 or 


other stainless electrode 


Cleveland 5,Ohio e 


write to: 


The CHAMPION Rivet Co. ........... 


East Chicago, Indiana 


4 

Maryland Shipbuilding & Dry- : 

WA 

| 

| 

: : 


Type DN 
Ppynacurve 
Induced Draft 


Fans 


CLARAGE 


Michigan 
FAN COMPANY Kalamasoo 


Offices in Al Cities 


about the stand-out fan 


in the induced draft field 


Request Catalog 905 or contact 
the nearest Clarage 
sales engineering office. 


Dependable equipment for making air your servant 


Kalamazoo, Michigan 
SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St 


Montreal 
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Wijtor the ENTHUSIASTIC 
ACCEPTANCE of the 


we 


LONG RETRACTING BLOWER 


Setting new and higher standards of efficiency, 
economy and dependability in the cleaning of 
heating surfaces that require a long retracting 
lance, the Diamond Series 300 IK Blower offers 
many outstanding features. Some of these are 
shown below. Others are: positive gear carriage 
drive . . . oversize lance (step-tapered for extra 
long travel) .. . designed for quick, easy servicing. 


This new blower is the culmination of more than 
20 years experience building and applying long 
travel blowers. It well illustrates the Diamond 
design philosophy: ‘Keep it simple . . . keep it 
basic avoid unnecessary complications.” 
It is further evidence of the fact that YOU CLEAN 
BOILERS BETTER AND AT LOWER COST WITH 


DIAMOND BLOWERS. 


“BACKBONE” COVER FOR GREATER RIGIDITY 
AND PROTECTION OF ENTIRE BLOWER 


SINGLE OUTBOARD 
SUPPORT POINT 


IMPROVED DIAMOND NOZZLE 


MECHANICALLY OPERATED 
POPPET VALVE WITH 
ADJUSTABLE PRESSURE CONTROL 


Continuous 


station Drive Shaft 
STATIONARY GEAR MOTOR 


Lance propulsion and rotation are by a single enclosed gear 
motor which drives a continuous shaft running the full length 
of blower and providing power to carriage. This construc- 
tion makes it possible to mount motor in a fixed position at 
the front end for better protection and accessibility. 


Ask your local Diamond office or write 5 I 
directly to Lancaster for Bulletin 2111. 


IMPROVED CLEANING PATTERN 
Close and positively controlled helical cleaning pattern 
assures maximum cleaning effectiveness. Blowing pat- 
tern diagram illustrates how return travel path is exactly 
intermediate with forward travel path so that there is a 
positive nozzle sweep every inch 


LANCASTER, OHIO 
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When you buy dust collection equipment, don’t stop with a comparison 
of initial cost only. Compare also the costs and simplicity of keeping your 
dust collector at top-notch efficiency throughout the years. To the out 
standing advantages of Multiclone’s unique operating features, add the 
low cost and easy maintenance of this equipment and you'll see why 
Multiclones are the leading choice wherever centrifugal types of dust 
collectors are the most practical solution. 


chrome 


Compare the above advantages with any com- 
petitive equipment and you'll readily see why 
Multiclones are the logical choice for your partic- 
ular operations, too. There’s a Multiclone repre- 
sentative near you who will gladly supply further 
details to fit your individual requirements. No 
obligation, of course! Send for descriptive literature 
on Multiclone equipment. 


WESTERN 


PRECIPITATION 


CORPORATION 


Engineers and Cor ent for Collect pended Material ¢ {Equipment for the Process Industries 


LOS ANGELES 54 - NEW YORK 17 +« CHICAGO 2 « PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 
Representatives in all principal cities 


Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 
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